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THE 


PREFACE. 

\  ■ 

JgJAFING  treated  of  the  world  in  its  full  extent 

under  the  title  of  Aflronomy ,  we  come  now  to 
that  Jingle  part  of  it  called  the  Earth,  which  is  our 
defin'd  habitation .  This  terrefirial  globe  on  which 
we  are  feated ,  tho 9  it  feems  large  to  us  that  live  upon 
it ,  yet  when  compared  to  the  magnitude  of  the  hea¬ 
vens,  is  only  like  a  point  in  it,  being  in  a  manner  loft 
in  that  vafi  fabric .  But  fmall  as  it  is,  it  is  of  the 
greateft  conference  to  us,  for  here  we  live  and  move 
and  have  our  being ,  here  our  whole  bufinefs  and  tranf- 
a Elions  are  performed,  here  we  muft  abide,  and  can¬ 
not  remove  into  another  planet,  nor  have  any  commu¬ 
nication  therewith,  nor  with  the  inhabitants  thereof, 
if  any  fuch  there  be ;  nor  can  we  tell  what  they  are 
doing ,  no  more  than  they  know  what  we  are  about . 
All  we  can  do  is  to  remove  from  one  place  to  another 
upon  this  little  ball,  and  pafs  from  one  region  to  ano¬ 
ther,  and  by  this  means  we  get  acquaintance  with  our 
fellow-creatures  on  different  parts  of  the  globe,  with 
whom  we  can  converfe ,  carry  on  a  trade ,  or  tranfaEl 
any  bufinefs,  by  which  we  make  a  fhift  to  get  a  living . 
And  fnce  we  are  confined  to  this  globe,  and  are  obliged 
to  have  various  tranfaElions  with  others,  both  at  home 
and  abroad \  therefore  Geography  ( which  is  the 
knowledge  and  defcription  of  the  earth )  becomes  a  ne - 
cejfary  branch  of  knozvledge  to  us .  For  without  it, 
we  fioould  be  ignorant  of  the  fituation  of  the  Jeveral 
countries,  with  which  we  traffick,  how  they  lye  from 
one  another,  and  the  way  thither . 
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G e ogr aphy  t caches  us  the  function  of  all  countries 
and  kingdoms ,  and  the  limits  thereof  how  they  are 
hounded  by  fea  and  land,  and  by  one  another  \  into 
what  pro  vinces  and  difirifls  they  are  divided ;  the  fi¬ 
xation,  latitude  and  longitude,  of  all  cities  and  towns 
therein  ;  what  woods,  for  efts,  mountains,  lakes,  rivers , 
mines,  qzc.  each  contains »  what  commodities  it  af¬ 
fords-,  what  matters  of  wonder ,  curio fity,  or  anti¬ 
quity  what  buildings,  cafiles,  towers  are  therein 
what  ports  and  havens  what  rocks,  fands ,  Jhoals, 
and  fuch  places  of  danger  there  are ;  and  the  manners 
and  employment  of  the  people.  This  art  teaches  us  to 
craw  maps,  or  reprejentations  of  the  fever al  countries 
of  the  earth ,  which  gives  a  true  idea  of  their  fixa¬ 
tion,  and  magnitudes ,  by  expofing  them  all  to  our 
fig ht.  And  ihefe  geographical  maps  are  of  very  great  ufe 
to  travellers,  as  well  as  to  failors  for  by  help  of  thefe 
they  find  the  near  eft  way  from  one  place  to  another. 

Without  the  knowledge  of  Geography,  Hiftcry  is 
very  imperfect ;  for  we  can  have  but  a  very  fender  no¬ 
tion  of  any  tranfabiion ,  when  we  are  ignorant  of  the 
place  it  was  tranfaUed  in.  Without  it  we  cannot  tell 
how  the  mofl  memorable  enterprizes  of  thew.orld  have 
been  carried  on  and  executed.  Without  it  we  are  igno- 
■rant  of  the  rife,  growth,  flour  i/hing,  and  fall  of  the  fe¬ 
ver  al  great  monarchies  in  the  world,  which  fix  a  begin¬ 
ning  to  all  Hifiory.  Without  it  we  cannot  judge  of 
the  government,  commodities,  riches,  and  number  of 
people  in  other  nations  \  nor  judge  of  the  flrength  of 
cur  enemies  ;  nor  underfi and  the  Urn us  between  one  king¬ 
dom  and  aitot her ;  nor  difinguifh  between  the  names  of 
places  and  the  names  of  people .  But  by  the  help  of 
Geogi  aphy  we  can  eafily  know  all  thefe  things,  and 
much  more  ;  without  expofing  our  bodies  to.  loyig  tedious 
travels  and  voyages. 

How  prejudicial  the  ignorance  of  Geography  has  been 
to  Princes  in  foreign  expeditions  againfl  their  enemies  ; 
hifiory  gives  many  inftances  of  their  ill  fuccefs.  And 


PREFACE. 

ihefe  mij 'carriages  have  been  principally  owing  to  their 
ignorance  of  the  country  they  were  going  to  invade . 
When  any  per  fen  goes  upon  fuch  an  expedition ,  he  ought  * 
to  have  a  map  of  the  country ,  with  all  the  federal 
pajfages  in  it  from  one  place  to  another,  the  mountains , 
woods ,  rivers ,  marjhes ;  what  rocks  or  funds  lie 
near  it*  From  which  may  be  found  where  the  fafeft 
place  for  landing  is,  where  one  may  avoid  this  rock  or 
that  f and,  where  fuch  a  river  may  be  pafi,  and  which 
is  the  moft  commodious  place  for  giving  his  enemy  bat¬ 
tle,  and  what  advantages  and  difadv  ant  ages  there  is 
in  his Jitudtion. 

And  as  this  fcience  is  fo  beneficial  and  ufeful,  it  is  no 
lefs  pleafant  and  delightful .  It  at  once  pteafes  the  eye 
and  inftruHs  the  mind .  It  gives  fuch  a  vafi  variety 
cf  objedls  to  contemplate,  that  we  are  ftruck  with  ad¬ 
miration,  with  thefe  beautiful  fcenes  of  nature,  which 
this  earth  of  ours  affords.  Princes  have  not  thought 
it  below  them  to  snake  it  their  fiudy,  but  to  the  great 
danger  of  their  perfons,  have  travelled  into  foreign 
countries  to  make  dif cover ies.  And  at  great  expence 
have  fent  philofophers  and  mathematicians  to  remote 
places  to  make  proper  obfervations ;  as  upon  the  fitua - 
tion  of  places ,  the  phenomena  of  the  celeftial  bodies * 
and  filch  like ,  by  which  this  art  has  been  very  much 
improved . 

Tel  this  art  atprefieni  is  far  from  being  at  p  erf e  Hi  on* 
For  there  ar  every few  places  whofs  latitude  and  longitude 
are  truly  determined *  And  there  ar  eft  ill  many  countries 
which  remain  undijcovered,  and  mud  wait  for  the  in  duff 
try  of  future  ages  to  find  out.  There  are  likewife  many 
continents  of  great  extent ,  of  which  we  know  little 
more  than  the  fea  coafts.  And  even  in  places  which 
we  knowy  and  daily  travel  over,  there  are  many  towns 
whofe  fitua  tion  is  very  uncertain .  This  appears  from 
the  dijagreement  of  the  fever  al  geographical  maps  made 
of  the  fame  country.  Tet  this  art  is  daily  improving'-, 
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for  long  voyages  have  made  many  new  difcoveries ;  and 
fucceeding  times  will  fill  add  more ,  and  will  increafe 
our  knowledge ,  and  Jhew  us  the  errors  of  former  ages* 
The  ancients  thought  the  torrid  zone  uninhabitable ,  as 
well  as  the  polar  regions  ;  and  that  there  was  no  fuch 
thing  as  antipodes,  or  people  fianding  contrary  ways 
on  oppofte  fides  of  the  earth  \  for  indeed  they  thought 
the  earth  flat .  But  later  experience  has  taught  us 
\ better .  And  fo  will  the  experience  of  future  ages  de¬ 
tect  our  ignorance  in  many  things . 

I  took  notice  that  the  earth  compared  to  the  heavens 
is  no  more  than  a  point  \  the  leaft  ftar  we  can  fee ,  far 
exceeds  it  in  magnitude.  And  yet  this  earth ,  final!  as 
it  is ,  is  that  which  with  fire  and  f word  is  divided  a- 
mong.fo  many  nations ;  who  are  always  contending ,  and 
never  can  agree ,  about  their fhares  in  it.  And  yet  this 
is  not  fo  much  owing  to  the  fmallnefs  of  it 5  as  to  the 
infatiable  defines  of  men,  after  too  large  a  Jhare  of  it  \ 
and  their  unquenchable  thirft  and  lufl  after  riches . 
For  the  earth  produces  enough  for  all  its  inhabitants , 
if  people  had  but  as  much  humanity  as  to  fuffer  their 
fellow  creatures  to  enjoy  a  rea finable  Jhare  along  with 
them.  Infiead  of  that ,  men  are  in  perpetual  war  and 
ftrife  who  [hall  get  the  mofl ,  till  old  Time  overtakes 
them ,  when  all  on  a  fiudden  they  drop  into  the  bofom  of 
our  common  mother  the  earth ;  and  then  the  great efi 
monarch  is  no  richer  than  the  poor  efi  beggar . 

Navigation  is  an  art  as  ufeful  and  beneficial  as 
Geography ,  and  like  two  ftflers ,  they  go  hand  in  hand \ 
and  one  is  ever  affifiing  to  the  other.  By  this  art  men 
can  pa fs  from  one  country  to  another ,  or  from  one  port 
to  another  with  great  eafe  and  difpatch.  By  this  all 
trade  is  carried  on,  and  goods  exported  and  imported  at 
'bleafure,  to  or  from  difiant  places  as  cccafion  requires. 
It  is  a  mofl  ufeful  art  upon  many  account s,  for  by  this 
we  can  not  only  increafe  our  knowledge  by  travelling  to 
foreign  parts,  but  our  riches  alfi  by  merchandizing , 
And  therefore  it  is  necejfary  to  be  known  for  the  fake 
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cf  trade.  But  neceffity  may  be  understood  two  ways , 
either  for  abfclute  need,  without  which  a  thing  can¬ 
not  be  *,  or  merely  for  a  convemency,  without  which 
a  thing  cannot  well  be.  Now  it  is  certain  that  many 
p  laces  are  fo  poor ,  as  not  to  be  able  to  maintain  a  po¬ 
pulous  nation ,  without  the  help  of  foreign  trade ,  at 
this  time  when  the  world  is  grown  fo  full  of  people . 
In  this  cafe  there  is  an  abfokcte  neceffity  for  Navigation , 
to  carry  on  the  bufinefs  of  merchandizings  without 
which  the  inhabitants  could  not  live. 

T rading,  which  is  necejfary  to  feme,  is  certainly  very 
beneficial  to  all  Nations  •,  as  is  evident  for  many  rea- 
fons.  For,  i.  By  this  means  one  nation  may  trcjfiJz 
with  another ,  by  exporting  fuch  goods  as  they  have  in 
too  great  abundance ,  and  importing  ethers  that  they 
Want.  For  fome  commodities  are  fo  gdeniifw  n  form 
countries ,  that  they  are  a  mere  drug  *3  whiff  others 
have  little  or  nothing  of  the  fort.  Therefore  tranfporting 
them  to  thefe  deficient  places ,  is  a  great  advantage. 
2.  Goods  cannot  be  conveyed  from  one  place  to  another , 
fo  e  a  fitly,  nor  fo  cheap ,  nor  fo  foon ,  nor  in  fuch  quanti¬ 
ties ,  by  any  methods ,  as  by  f  hipping .  3.  By  means  of 
Navigation ,  arts  and  fciences  are  promoted  and  im¬ 
proved ,  and  conveyed  to  diftant  places.  And  for  this 
reafon many  famous  Philofophers  have  faffed  the  feas 
and  travelled  far ,  to  converfe  with  men  of  learning , 
for  the  improvement  of  arts.  And  hence  the  principal 
dife overt es  in  Geography  are  much  owing  to  Naviga¬ 
tion.  4.  Likewife  when  a  nation  is  overburthened  with 
inhabitants ,  colonies  may  by  this  means  be  tfanfported 
to  diftant  countries  not  fo  populous.  And  thus  many 
idlers  are  frequently  carried  to  Virginia  and  other  places. 
5.  Navigation  is  of  great  ufe  for  the  defence  of  a  na- 
,  tion  again  ft  foreign  enemies,  where  a  fight  at  fea  does 
not  a  quarter  of  the  damage  as  at  land.  To  which 
■-we  may  add  the  pie  a  fur  e  of  convening  with  foreigners, 
and  holding  fociety  with  men  of  learning,  as  well  as 
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of  mutual  commerce  with  them for  fociety  is  natural 
to  mankind . 

Navigation  has  alfo  been  highly  encouraged  by  many 
princes  and  dates ;  and  great  honours  have  alfo  been 
paid  to  it ,  And  for  the  encouragement  of  foreign  trade  i 
focieties  have  been  formed  in  fever al  nations,  and  en¬ 
dowed  with  ample  privileges ,  by  which  many  perfons 
have  become  immenfely  rich . 

It  is  time  now  to  give  fome  account  of  what  is  con* 
tabled  in  this  Trail.  The  firft  feblion  treats  of  the  figure 
of  the  earthy  both  as  a  fphere  andfpheroid ;  of  fever  at 
properties  of  the  fea  ;  of  the  origin  of  fprings  and  ri¬ 
vers  \  of  finding  the  difiances  of  places-,  of  making  maps ; 
a  Jhort  account  of  the  fever  al  kingdoms  of  the  world 
and  a  table  of  the  latitude  and  longitude  of  places.  Here 
the  longitude  is  reckoned  from  the  ifiand  of  Ferro,  ac¬ 
cording  to  the  antient  geographers ,  which  is  about  the 
fame  longitude  as  the  wefiermoft  part  of  the  continent 
cf  Africa,  and  therefore  is  a  very  proper  and  fit 
place  for  the  beginning  of  longitude .  And  was  foolifhly 
altered  by  later  Geographers ,  by  which  they  have  con- 
fufed  all  reckonings. 

The  fecond  fell  ion  contains  the  ufe  of  the  terreflrial 
globe  in  folving  problems  of  the  fphere .  The  pr all  ice 
of  this  is  very  eajy  and  delightful. 

The  third  feblion  is  Navigation ,  and  Jhews  the  prin¬ 
ciples  both  of  fpherical  and  fpheroidical  failing.  And 
as  fpheroidal failing  has  made  fo  much  noife  in  the  world, 
I  have  given  the  folution  of  all  the  common  cafes  in 
numbers  by  my  method. 

This  T reatife  is  moftly  mathematical,  the  hifiorical 
account  of  kingdoms,  &c.  not  being  my  defign. 

Of  all  the  books  of  Navigation  that  have  come  into 
my  hands,  I  have  met  with  few  or  none,  that  give  a 
true  notion  of  departure the  moft  of  them  confounding  it 
with  meridional  difiance.  And  fome  of  them  tell  us 
that  it  is  quite  uf clefs  in  navigation-,  and  yet  at  the 
fame  time,  they  cannot  find  the  longitude  without  it. 
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cr  fcmething  equivalent  to  it,  but  not  Jo  flmple  as  it ; 
jma  therefore  ufe  it  for  that  purpofe .  i  For  this  reafon 
I  have  made  jome  remarks  in  the  SchoL  of  Prop.  I. 
Sett.  III. 

As  to  fpheroidal  failing,  I  have  given  my  thoughts  of 
it  in  my  book  of  Navigation,  and  havefhewn  that  in  a 
day's  run ,  the  difference  between  that  and  the  fphere  is 
quite  infenfible .  And  a  Jhip  mufl  reckon  her  way  every 
day,  and  fo  day  after  day ,  thro'  the  whole  voyage . 
And  when  an  obfervation  is  had,  this  j weeps  away  all 
irregularities  from  every  caufe,  and  Jets  all  right,  as 
far  as  there  is  apoffibility  to  do  it  \  and  furely  an  ob- 
fervation  is  the  only  thing  to  be  depended  on  in  a  reckon¬ 
ing,  and  ought  never  to  be  neglected.  And  therefore  as 
no  apparent  advantage  is  got  by  this  way  of  failing, 
/  fet  it  afide,  and  kept  to  the  fimple  and  eafy  way  by 
the  fphere .  For  who  will  think  it  worth  their  while 
to  fpend  a  deal  of  fuperfluous  time  and  labour,  to  ob¬ 
tain  a  degree  of  accuracy,  which  can  never  be  wanted  ? 
No  body  will.,  but  fuch  as  are  fond  of  novelties, 
and  therefore  they  prefer  fuch  things,  becaufe  they  are 
new,  tho '  they  have  no  advantage  above  other  methods, 
but  a  manifeft  difadvantage,  of  embarraffing  the  cal¬ 
culation,  and  making  more  work  for  the  Jailor  for 
which  I  believe,  he  will  never  thank  them . 

Put  alt  ho'  this  method  is  really  of  little  ufe  in  Na¬ 
vigation,  yet  becaufe  fome  people  may  think  other  wife, 
and  may  fuppofe  there  will  refult  a  greater  difference 
between  the  two  methods ,  than  there  really  is  in  prac¬ 
tice  *,  I  have  therefore  laid  down  the  principles  of  that, 
method,  and  folved  all  the  cafes  thereby ;  and  if  it 
jerve  for  nothing  elf e,  it  will  ferve  for  an  amufement 
to  fuch  peopk  as  are  delighted  with  mathematical  en- 

Vspvvi  1  /?>  ksvA 

Thefe  cafes  are  all  refolved  according  to  Man  per- 
tuis 's  figure  of  the  earth,  which  is  by  far  the  flatteft 
earth  that  has  ever  been  fuppofed.  That  of  d*  Juan 
* and  Ulloa  arc  not  half  fo  flat 5  and  differ  very  Utile 
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from  Sir  J.  Newton’s  earth.  But  after  all  the  expe¬ 
riments^  that  have  been  made  to  determine  the  figure  of 
it ,  the  refult  is^  that  its  figure  is  inconfiftent  with  that 
of  any  fpheroid.  And  if  the  earth  is  not  a  fpheroid * 
thefe  Virtuofi  that  want  to  be  ex  aft ,  will  have  new 
rules  to  feek  out ,  or  elfe  be  forced  to  take  up  with  im¬ 
perfect  ones.  Lafily ,  if  it  Jhould  happen  that  the  earth 
is  nearly  in  the  form  that  Juan  has  determined  it  *,  then 
thoje  that  follow  Maupertuis  will  be  farther  from  the 
truth ,  than  tbofe  that  fuppofe  it  a  fphere ;  and  we 
know  nothing  to  the  contrary -  For  which  reafon  we 
may  well  content  ourfelves  with  the  fpherical  figure  of 
the  earth  as  heretofore ,  in  the  practice  of  Navigation . 


W.  Emerfon. 
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GEOGRAPHY. 

♦  , 


DEFINITIONS. 

D  E  F.  I. 

GEOGRAPHY,  is  a  fcience  which  teaches 
the  defeription  of  the  earth  and  its  feveral 
parts ;  as  it  is  a  globe  confifting  of  land  and  water. 

D  E  F.  II. 

<  »  .  ;  ,,  t  ’  ■  '  i.  •  s.  \ 

The  axis  of  the  earth  is  a  line  palling  thro5  the 
center  of  it,  upon  which  it  is  fuppofed  to  turn 
round. 

D  E  F.  III. 

The  poles ,  are  the  two  extremities  of  the  axis* 
where  it  cuts  the  furface  of  the  earth  %  the  one  the 
north ,  the  other  the  fouth  pole. 

DEF,  IV. 

The  equinoctial  is  a  great  circle  of  the  earth,  90 
degrees  diftant  from  the  two  poles.  This  divides 
the  globe  into  two  hemifpheres,  the  northern  and 
fouthern. 

D  E  F.  V. 

Meridians  or  hour  circles ,  are  great  circles  of  the 
earth  palling  thro’  the  two  poles,  and  cutting  the 
equinoctial  at  right  angles.  The  firft  meridian  is 
that  from  which  the  Geographers  have  agreed  to 
reckon  from,  which  anciently  went  thro5  the  ifle  of 
Ferro „ 

B  D  E  F* 
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DEFINITIONS. 

D  E  F.  VI, 

The  horizon  is  a  plane  touching  the  earth  at  the 
place  where  we  (land ;  which  plane  extended  to 
the  heavens,  divides  the  upper  from  the  lower  hemif- 
phere ;  this  is  called  the  fenjible  horizon .  And  a 
plane  drawn  thro*  the  center  of  the  earth  parrallel 
to  the  former,  and  extended  to  the  heavens,  the 
great  circle  made  thereby,  is  called  the  rational  ho¬ 
rizon. 

D  E  F.  VII. 

■*  - 

Parallels  of  latitude ,  are  leffer  circles  parallel  to 
the  equator ;  of  which  the  principal  are  the  two 
tropics ,  and  the  two  polar  circles .  The  tropics  are 
2 34  deg,  from  the  equinoctial,  the  northern  tropic 
is  called  the  T ropic  of  Cancer ;  the  fouthern,  the 
\ Tropic  of  Capricorn.  The  polar  circles  are  23^  deg. 
from  the  poles.  The  northern  is  called  the  Artie 
circle ,  and  the  fouthern  the  Antarctic. 

D  E  F.  VIII.  * 

Latitude  of  a  place  is  the  diftance  from  the  equa¬ 
tor  to  that  place,  reckoned  upon  the  meridian  of 
the  place.  If  the  place  be  in  the  north  hemifphere. 
It  is  north  latitude  ;  if  in  the  fouth,  it  is  fouth  latitude . 

D  E  F.  IX. 

Longitude  of  a  place ,  is  the  diftance  from  the  firft 
meridian  to  the  meridian  of  the  place,  and  is  count¬ 
ed  on  the  equinoctial.  Formerly  longitude  was 
counted  from  the  firft  meridian  eaftward,  quite 
round  the  globe. 

D  E  F.  X. 

Rhombs ,  are  the  divihons  of  the  horizon,  into  fe- 
veral  parts,  which  are  32  in  number;  thefe  are 
the  feverai  points  of  the  compafs  ;  all  of  thefe  have 
particular  names,  expreftfed  on  a  compafs  card. 
The  4  cardinal  points  areeaft,  weft,  north  and  fouth. 

If 


DEFINITIONS.  3 

If  you  fet  your  face  to  the  north,  as  all  geographers 
do,  then  the  eaft  is  on^your  right  hand,  the  welt 
on  your  left  *,  the  norths  before  your  face,  and  the 
fouth  behind  your  back.  Thefe  points  of  the  com- 
pafs  are  equivalent  to  fo  many  azimuths. 

DEF,  XL 

A  Rumb  line ,  is  a  fpiral,  drawn  or  fuppofed  to 
be  drawn  upon  the  earth,  which  cuts  all  the  me¬ 
ridians  at  the  fame  angle,  which  is  the  proper  an¬ 
gle  of  that  rumb.  This  being  continued  never  re¬ 
turns  into  itfelf,  except  it  happen  to  be  eaft  or  weft, 
and  then  it  coincides  with  fome  parallel  circle. 

The  circles  here  defined  being  extended,  coincide 
with  their  refpedtive  circles  in  the  heavens,  or  the 
celeftial  circles  of  the  fame  name,  which  have  been 
defined  in  Se<ft.  II.  of  the  Aftronomy.  And  thi¬ 
ther  I  refer  the  reader  for  the  definition  of  the  reft 
of  the  circles,  which  more  properly  belong  to  Af¬ 
tronomy.  We  muft  next  add  fome  things  in  regard 
to  the  inhabitants  of  the  earth. 

DEF.  XII. 

A  parallel  fphere ,  is  that  politico  the  earth  has, 
when  the  horizon  coincides  wiith  the  equator.  Here 
the  poles  are  in  the  zenith  and  nadir  *,  and  the  in¬ 
habitants  of  this  fphere  live  juft  at  the  poles. 

DEF.  XIII. 

>  ' 

A  right  fphere ,  is  that  pofition  of  the  earth, 
where  the  equinoctial  paffes  thro5  the  zenith,  and 
the  poles  are  in  the  horizon  ;  and  the  inhabitants 
here  live  juft  at  the  equator. 

D  E  F.  XIV. 

An  oblique  fphere ,  is  that  pofition  of  the  earth,, 
where  the  equator  and  horizon  make  an  oblique 
angle.  Here  one  of  the  poles  is  elevated  above 
the  horizon,  and  the  other  depreffed  below  it.  The 

B  2  inha- 
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inhabitants  here  live  any  way  between  the  poles  and 
the  equator.  There  is  alfo  a  divifion  of  the  earth 
according  to  the  fituations  of  different  inhabitants  -9 
as, 

D  E  F.  XV. 

Antteci ,  are  thofe  that  live  under  the  fame  femi- 
meridian,  and  on  different  fides  of  the  equinodtial, 
and  equally  dilfant  from  it.  Therefore  their  longi¬ 
tudes  are  the  fame,  and  the  latitudes  equal  but  con¬ 
trary.  Noon  and  midnight,  and  all  the  hours  of 
day  and  night,  are  the  fame  to  both.  The  length 
of  the  days  to  one  is  always  equal  to  the  length  of 
the  nights  to  the  other.  The  feafons  of  the  year  are 
contrary,  being  fummer  in  one,  when  5tis  winter  to 
the  other.  They  have  the  fame  feafons,  the  fame 
heat  in  fummer,  the  fame  cold  in  winter,  the  fame 
length  to  days  and  nights  ^  but  all  at  different  times 
of  the  year. 

D  E  F.  XVI. 

Periled,  are  thofe  people  that  live  in  the  oppofite 
points  of  the  fame  parallel.  And  therefore  when  it 
is  noon  to  one,  it  ismiidnight  to  the  other.  They 
have  the  fame  feafons,  the  fame  temper  of  the  air, 
the  fame  fummer,  the  fame  winter,  the  fame  length 
of  days  and  nights,  all  at  the  fame  time. 

D  E  F.  XVII. 

The  Antipodes ,  are  thofe  inhabitants  that  live  in 
places  of  the  earth  diametrically  oppofite.  Here 
both  their  latitudes  and  longitudes  are  contrary  ; 
confequently  when  *tis  noon  to  one,  3tis  midnight 
to  the  other  •,  when  one  has  the  longefl  day  the 
other  has  the  longefl  night,  and  when  one  has  the 
fhortefl  day  the  other  has  the  fhortefl  night.  The 
feafons  of  the  year  are  all  contrary  in  both.  They 
have  the  fame  feafons,  the  fame  length  of  days  and 
nights,  but  at  different  times.  When  they  Hand, 

their 
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their  feet  are  towards  one  another,  and  their  heads 
oppofite.  The  inhabitants  are  alfo  confidered  in 
regard  to  their  fhadows ;  as, 

DEF,  XVIII. 

Amphifcii  or  Amphif clans,  are  thofe.  people  that 
caft  their  fhadows  both  north  and  fouth,  at  different 
times  of  the  year.  Thefe  people  live  any  way  be¬ 
tween  the  tropics.  When  the  fun  is  in  their  zenith, 
they  are  called  Afcii.  At  that  time  the  Afcians 
call  no  fhadow  at  all. 

DEF.  XIX. 

Heterofcii .  are  thofe  inhabitants  that  caft  their 
fhadows  all  one  way,  either  north  or  fouth.  The 
Heterofcians  live  between  the  tropics  and  the  polar 
circles. 

DEF.  XX. 

Perifciij  are  thofe  people  whofe  fhadows  turn 
round  about  them.  The  Perifcians  live  within  the 
ardic  or  antardic  circle,  where  their  fhadows  in 
one  day  are  direded  to  all  points  of  the  compafs. 

DEF.  XXL 

A  Zone  is  a  portion  of  the  earth’s  furface  contained 
between  two  parallel  circles,  or  at  leaft  within  onp 
parallel.  Thus  the  whole  fpace  contained  between 
the  two  tropics,  is  called  the  T orrid  zone.  The  fpace 
between  the  tropic  and  polar  circle,  either  north  or 
fouth,  is  the  Temperate  zone ,  thefe  are  two.  The 
fpace  contained  within  the  polar  circle  is  the  frozen 
or  frigidf^t ftefe  are  alfo  two. 

The  ancients  thought  the  torrid  zone  not  ha¬ 
bitable,  by  reafon  of  the  great  heat  of  the  fun,  but 
experience  has  fhewn  the  contrary.  For  the  heat 
there  is  much  diminifhed  on  account  of  fea  breezes, 
long  nights,  frequent  rains,  &c.  In  the  middle  of 
this  zone,  is  the  equinodial  circle ;  and  thofe  that 
live  there  have  perpetually  their  days  and  nights 

B  3  equal. 
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equal  But  here  the  twilight  is  very  fliort,  being 
little  more  than  an  hour.  As  the  fun  goes  twice  in 
the  year  over  their  heads  in  this  zone,  it  caufes  two 
fummers  and  two  winters  every  year,  which  does 
not  happen  in  the  other  zones. 

The  frozen  zones  are  fo  cold,  that  the  ancients 
,  did  not  think  them  habitable ;  and  indeed  thefe  plar 
ces  mud:  be  exceflive  cold  in  the  winter,  where  they 
want  the  fun  for  almod  half  a  year.  But  then  to 
make  amends,  he  flays  with  them  almofl  half  a 
year  in  fummer.  And  this  fo  warms  and  nourifhes 
the  earth,  that  it  is  able  to  refill  the  cold  the  mofl 
part  of  winter.  So  that  we  find  that  even  the  cold- 
efl  of  thefe  places  are  inhabited.  ■ 

DEF.  XXII. 

‘The  Climates ,  are  certain  parts  of  the  earth’s  fur- 
face,  contained  between  parallels  of  latitude,  in  fuch 
manner,  that  at  every  fucceeding  parallel,  reckon-r 
ing  from  the  equinoctial,  the  longed  day  fhall  in- 
creafe  half  an  hour.  Whence  from  the  equator  to 
the  polar  circle  there  will  be  24  of  thefe  climates. 
And  later  geographers  have  added  6  more,  where 
the  longed  day  is  fuppofed  to  encreafe  by  a  month 
at  each  climate.  So  that  now  there  are  30,  or  in 
all  60,  confidering  the  whole  globe  of  the  earth. 
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A  Table  of  Climates,  fhewing  in  what  Latitude 

each  ends. 

♦  . 


dim. 

1  lat. 

Ion.  day 

dim. 

lat. 

ion.  day 

I 

8 

25 

I2f  h. 

J3 

59 

58 

i84h 

** 

2 

1 6 

25 

13 

14 

61 

18 

*9 

3 

2  3 

50 

15 

62 

25 

29t 

4 

3° 

20 

14 

16 

63 

22 

20 

5 

36 

28 

i4t 

*7 

64 

6 

to 

0 

Jm 

6 

41 

22 

*5 

18 

64 

49 

21 

7 

45 

29 

*5i 

0 

65 

2 1 

2li 

8 

49 

1 

1 6 

20 

65 

47 

22 

9 

51 

58 

i6f 

2 1 

66 

6 

224. 

10 

54 

27 

*7 

22 

66 

20 

23 

1 1 

56 

37 

i7i 

23 

66 

28 

23i 

12 

58 

29 

l8-  , 

24 

66 

3 1 

24 

Climates  continued  to  the  Pole. 


dim. 

lat. 

Ion.  day 

25 

67 

21 

i  mon. 

26 

69 

48 

2 

27 

73 

37 

3 

dim. 

lat. 

Jon.  day 

28 

78 

3° 

4  mon 

29 

84 

5 

5 

30 

90 

0 

6 

- . I*-" 

It  is  evident,  this  divifion  into  climates  is  very 
irregular,  for  near  the  polar  circle,  they  are  fo 
fmall,  that  they  are  hardly  diftinguilhable.  It 
had  been  better  to  have  divided  them  at  the  dis¬ 
tance  of  every  5  degrees  quite  to  the  pole.  How¬ 
ever  the  climates  as  here  fet  out,  ferve  to  Ihew 
what  length  the  longefl  day  is  of,  by  having  the 
climate  given  ;  and  that  is  by  taking  half  the  num¬ 
ber  of  climates,  and  adding  that  to  12.  Or  know¬ 
ing  the  length  of  the  longed  day,  the  climate  may 
be  found,  by  fubtrading  12  from  it,  and  doub¬ 
ling  the  remainder. 
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An  Explanation  of  Terms. 

Bay ,  a  fmall  part  of  the  fea,  encompafied  with 
the  land,  having  only  a  narrow  pafifage  into  it. 

Bed  of  a  river ,  is  the  hollow  or  channel  in  which, 
the  water  runs. 

Borough ,  a  fmall  corporate  town. 

Brook ,  Bourn ,  or  Beck ,  a  narrow  current  of  wa¬ 
ter,  that  runs  continually. 

Canals  a  deep  ftream  or  current  of  water,  inclo- 
fed  on  both  fides  by  banks  either  natural  or  artifi¬ 
cial. 

Cape,  or  head  land ,  a  high  part  of  the  land 
Handing  by  the  fea  fide. 

Cafcade ,  a  fall  of  water  in  a  river,  which  may 
be  either  natural  or  artificial. 

Cataraffi,  a  high  fall  of  water  in  a  large  river, 
that  makes  a  great  noife,  fo  as  to  be  heard  feveral 
miles. 

Champion  country ,  a  fiat  open  country  of  great 
extent. 

Channel ,  a  ftreight  or  narrow  place  of  the  fea, 
leading  from  one  part  of  the  fea  to  another. 

Chorography ,  the  defcription  or  reprefentation  of 
any  country  or  kingdom. 

City ,  a  large  corporate  town,  with  feveral  privi¬ 
leges. 

Cliff,  a  high  fleep  rock  on  the  fea  fide. 

Continent ,  a  large  continued  tradl  of  land,  con¬ 
taining  feveral  countries  or  kingdoms. 

Coaft ,  that  part  of  the  land  which  is  next  the  fea. 

Country ,  a  tra£t  of  land  under  a  king  or  prince. 
This  is  oppofed  to  town  or  city. 

Creek ,  an  arm  of  the  fea  running  into  the  land. 

Current ,  a  rapid  motion  of  the  fea. 

. 'Defart ,  a  quantity  of  ground  uninhabited. 

Dow?is ,  hills  of  fand  by  the  edge  of  the  fea. 

Ebb ,  the  fettling  of  the  fea  after  the  tide. 
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Fens,  places  full  of  bogs  or  (landing  waters. 

Flood ,  the  rifing  of  the  fea  in  the  tide. 

Ford ,  a  (hallow  place  in  a  river  to  go  or  ride 
through. 

For  eft,  a  large  extent  of  ground  with  trees  in  it, 
and  fometimes  wild  beads. 

Grove  or  thicket,  a  fmall  place  fet  with  trees, 
made  for  pleafure. 

Gulph ,  a  large  part  of  the  fea  running  a  great 
way  into  the  land. 

Hamlet ,  a  fmall  village,  or  fome  divifion  of  a 
large  town. 

Harbour ,  a  place  where  (hips  may  lye  at  anchor 
fafely. 

Haven ,  an  entrance  of  the  fea  within  the  land, 
at  the  mouth  of  fome  river  or  creok,  where  (hips 
may  lye. 

Hill ,  a  high  piece  of  ground. 

Hydrography ,  the  defcription  of  water,  as  the 
fea,  rivers,  lakes,  &c. 

Ifle,  or  IJland ,  a  part  of  the  earth  encompaded 
round  by  the  water. 

Ifthmus ,  a  neck  or  narrow  piece  of  land  running 
into  the  fea. 

Lake ,  a  great  collodion  of  danding  water,  in 
the  land. 

Map ,  a  geometrical  defcription  of  any  country 
upon  paper,  &c. 

Marjhes ,  fee  Fens. 

Monfoons ,  periodical  winds,  which  blow  for  a 
certain  time  one  way,  and  as  long  the  contrary  way. 

Mountain ,  a  very  high  part  of  the  land  in  any 
country. 

Ocean ,  that  great  colledion  of  water  that  fur- 
rounds  the  whole  earth. 

Parifto ,  fuch  an  extent  of  land  as  belongs  to  a 
church. 
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Park ,  a  parcel  of  ground  enclofed  for  the  keep¬ 
ing  of  deer. 

Peninfula ,  a  piece  of  land  encompafled  by  the 
fea,  except  a  narrow  place  or  entrance  into  it. 

Pond)  a  fmall  collection  of  Handing  water  in  the 
land. 

Port ,  a  place  where  (hips  lye,  or  where  they  load 
and  unload. 

Precipice ,  a  very  high  and  fteep  place,  as  th$ 
brow  of  a  hill. 

Promontory ,  a  high  land  ftretching  into  the  fea. 

Reflux ,  fee  ebb. 

Region ,  a  great  fpace  of  land  containing  many 
inhabitants,  under  fome  king,  &c. 

Rill ,  a  fmall  rivulet  of  running  water. 

River ,  a  large  current  of  water,  able  to  carry 
fhips,  &c.  efpecially  where  it  runs  into  the  fea. 

Rivulet ,  a  fmall  river. 

Road)  a  place  near  the  coaft,  where  fhips  may 
lye  at  anchor. 

4 Sea,  a  part  of  the  ocean  that  lyes  between  one 
country  and  another. 

Shelves  y  rocks  and  fands  lying  under  water. 

Shear ,  dry  land  next  the  fea. 

Sphere  artificial ,  an  artificial  globe,  with  the 
countries  of  the  earth  drawn  upon  it. 

Spring ,  a  fmall  current  of  frefh  water  rifing  out 
of  the  earth. 

Staple  town ,  is  a  port  town  where  merchants 
traffick. 

Strand^  that  part  of  the  coaft  which  the  fea 
covers  and  uncovers,  as  it  flows  and  ebbs. 

Streight)  a  narrow  pafifage  between  two  lands* 
in  going  into  a  larger  fea. 

Phuket)  fee  grove. 

Topography)  a  reprefentation  of  a  fmall  particu¬ 
lar  place  of  the  earth.  » 
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Town,  a  colle£tion  of  houfes  near  together. 

Valley ,  vale  or  dale ,  a  low  or  hollow  place  of 
the  earth  between  feveral  hills. 

Village ,  a  fmall  town,  whofe  inhabitants  have  no 
particular  privileges. 

Whirlpool ,  a  very  deep  place,  where  the  water 
turns  round  and  draws  every  thing  into  it,  and 
finks  it. 

Wildernefs ,  a  large  uncultivated  piece  of  ground, 
growing  nothing  but  ufelefs  fhrubs  and  bufhes. 

Wood,  a  piece  of  ground  planted  full  of  trees. 

I  .  / 
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S  E  C  T.  I. 

Of  the  figure  and  magnitude  of  the 
Earth,  The  ebbing  and  flowing  and 
depth  of  the  Sea.  To  find  the  dif~ 
tances  of  Places.  Of  Springs  and 
Rivers.  Of  drawing  Maps.  Adjuncts 
and  properties  of  the  Earth ,  and  the 
changes  that  have  happened  in  it.  The 
divifion  of  it  into  Kingdoms  and  Coun¬ 
tries.  A  Table  of  the  latitude  and 
longitude  of  Places. 


PROP.  I. 

The  figure  of  the  earth  as  comp  of ed  of  land  and  wa¬ 
ter  is  nearly  fpherical . 

THAT  the  earth  is  fpherical,  or  nearly  fo, 
will  appear  from  the  following  particulars, 
i.  Perfons  that  are  a  {hip-board  lailing  north¬ 
wards  obferve  the  pole  liar  to  be  higher  and  high¬ 
er  the  further  they  go.  Likewife  they  obferve  new 
liars  continually  afcending  above  the  horizon  which 
were  hid  before,  and  thefe  liars  continue  to  rife 
higher  and  higher  the  farther  north  they  go.  Like¬ 
wife,  fuch  liars  as  are  fouthwards  are  obferved  to 
grow  continually  lower  and  lower,  till  by  degrees 
they  difappear  below  the  horizon.  Likewife  fuch 
liars  as  were  at  firll  vertical,  move  gradually  to¬ 
wards  the  fouth,  appearing  Hill  lower  and  lower. 
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On  the  contrary,  when  a  fhip  is  failing  towards 
the  fouth,  the  pole  ftar  is  obferved  to  grow  lower 
and  lower;  and  all  ftars  that  are  northward  are 
obferved  to  defcend  gradually,  and  that  in  propor¬ 
tion  to  the  diftance  failed.  And  at  the  fame  time, 
fuch  ftars  as  are  fouthward,  continually  afcend ; 
and  new  ftars,  that  were  hid  before,  are  obferved 
continually  to  emerge  above  the  horizon,  and  to 
rife  higher  and  higher,  fo  long  as  the  ftiip’s  courfe 
is  continued  towards  the  fouth.  Now  thefe  pine* 
nomena,  can  be  owing  to  nothing  but  the  fpheri- 
cal  figure  of  the  earth  ;  for  if  the  earth  was  a  plane, 
all  thefe  ftars  would  appear  always  of  the  fame 
height.  But  as  the  earth  is  round,  new  ftars  muft 
continually  come  into  the  zenith,  as  the  traveller 
goes  north  or  fouth.  Therefore  the  earth  is  round 
from  north  to  fouth. 

2.  The  fame  is  evident  from  the  different  longi¬ 
tude  of  places ;  for  when  any  eclipfe  of  the  moon 
happens,  it  is  obferved  fooner,  by  thofe  that  live 
eaftward,  than  by  thofe  that  live  weftward.  Con- 
ftant  experience  fhews,  that  for  every  15  degrees 
difference  of  longitude,  an  eclipfe  begins  fo  many 
hours  fooner  in  the  eaft,  or  later  in  the  weft ;  which 
arifes  from  the  fpherical  figure  of  the  earth.  But 
if  the  earth  was  flat,  the  eclipfes  would  happen  at 
the  fame  time  in  all  places  ;  alfo  day  and  night 
would  alfo  be  at  the  fame  time.  But  as  thefe  things 
are  contrary  to  experience  ;  it  is  plain  the  earth  is 
round  from  eaft  to  weft. 

3.  Again,  a  fhip  failing  in  any  part  of  the  world, 
and  upon  any  courfe  ;  at  leaving  any  coaft,  all  high 
towers,  or  high  mountains,  gradually  difappear; 
firft  the  bottom  part  becomes  invifible,  then  the 
middle  part,  and  laftly  the  top ;  appearing  to  fink 
gradually  under  the  horizon,  till  they  be  quite  out 
of  fight.  The  fame  is  true  of  fhips  at  a  great  dif¬ 
tance  off  at  fea ;  firft  their  top  mails  appear,  and 
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Fig.  as  they  draw  nearer,  their  lower  mails  and  rigging* 
and  lailly  the  whole  fhip.  And  this  can  be  owing 
to  nothing  but  the  fpherical  figure  of  the  earth. 

4.  In  all  lunar  eclipfes,  that  ever  were  obferved, 
and  in  whatever  poiition  the  earth  is  at  that  time. 
Hill  the  ihadow  of  the  earth  upon  the  moon’s  difk, 
always  as  to  fenfe,  appears  circular.  And  therefore 
it  follows  that  the  earth,  which  is  the  body  that 
calls  the  ihadow,  muil  be  round  on  all  fides ;  that 
is,  it  muil  be  fpherical.  And  further,  iince  all  cal¬ 
culations  of  eclipfes,  and  of  the  planets  places,  are 
made  upon  this  fuppofition  *,  and  all  anfwer  to  the 
true  times ;  which  they  do  not  upon  any  other  fup¬ 
pofition;  therefore  this  confirms  the  propofition, 
that  the  earth  is  round. 

5.  Several  people  have  failed  round  the  earth, 
fetting  off  weftward,  and  continuing  their  courfe 
weilward  continually,  till  they  arrived  again  at  the 
place  they  departed  from.  And  nothing  but  a 
round  figure  will  admit  of  this. 

Cor.  1.  Hence  the  fea  has  the  fame  convexity  as 
the  earth ,  and  both  together  make  one  globe ;  and 
therefore  it  is  called  the  terraqueous  globe. 

Cor.  2.  If  the  difference  of  longitude  of  two  places y 
be  15  degrees ;  the  people  in  the  eaft  will  reckon 
the  time  of  the  day  fooner  by  an  hour ,  than  thofe  in 
the  weft.  And  for  every  1 5  degrees  dif.  longitude , 
thofe  in  the  eaft  will  reckon  their  time  fo  many  hours 
fooner ,  and  thefe  in  the  weft  fo  many  hours  later ,  than 
the  others. 

This  is  an  immediate  confequence  from  the 
fpherical  figure  of  the  earth.  For  it  is  12  a  clock 
in  any  place,  when  the  fun  is  in  the  meridian  of 
that  place.  And  as  the  fnn  apparently  moves  from 
eaft  to  weft,  thro’  360  degrees  in  24  hours ;  it  will 
be  an  hour  of  moving  from  the  meridian  of  any 
place,  to  the  meridian  of  any  other  place  which  is 
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15  degrees  more  wefterly.  That  is,  it  is  12  a  clock  Fig. 
at  the  eaftermoft  place,  an  hour  before  it  is  12  a 
clock  at  the  weftermoft ;  and  the  like  for  the  other 
hours.  And  fo  the  difference  of  apparent  times, 
will  be  proportional  to  the  difference  of  longitude. 

Scholium. 

It  is  not  here  meant  that  the  earth  is  a  perfed 
geometrical  fphere.  For  experience  {hews,  that 
its  furfacais  full  of  mountains  and  valleys.  And 
befides  it  is  higher  at  the  equinodial  than  at  the 
poles  by  a  230th  part,  which  amounts  to  17  miles, 
which  is  far  more  than  the  higheft  mountains.  And 
yet  none  of  thefe  irregularities  are  difcoverable  to 
fenfe.  And  they  no  more  hinder  the  earth  from 
being  reckoned  fpherical,  than  the  roughnefs  of  an 
orange  or  a  lemon,  hinders  it  from  being  e {teemed 
round. 

PROP.  II. 

«  ,  * 

tfhe  latitude  cf  any  place  on  the  earthy  is  equal  to 
the  height  of  the  pole  above  the  horizon . 

Let  HO  be  the  horizon  of  the  place,  Z  the 
zenith,  EQ^  the  equinodial,  P  the  pole,  P p  the 
earth’s  axis,  then  (Def.  8)  EZ  is  the  latitude  of 
the  place.  But  ECP  zz  a  right  angle  zz  ZCO, 
from  which  taking  the  common  angle  ZCP,  there 
remains  the  latitude  ECZ  zz  height  of  the  pole 
PCO. 

Cor.  Hence  the  height  of  the  equinoElial  ECH 
—  complement  of  the  latitude  ZCP. 

For  ECH  zz  comp,  of  ECZ  zz  comp.  OCP  zr 

ZCP. 
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PROP.  III. 

The  dire  Elion  of  motion  of  heavy  bodies  at  the  earth9 $ 
furface ,  is  perpendicular  to  the  furface ,  or  plane  of 
the  horizon ,  in  that  place . 

Here  the  earth’s  furface  is  fuppofed  to  be  per¬ 
fectly  even  and  regular  in  that  place,  like  the 
Imooth  furface  of  ftanding  water.  Suppofe  then 
a  body  defcending  to  the  earth  by  the  force  of  gra¬ 
vity,  and  that  it  is  covered  with  water  at  that  very 
place ;  it  is  plain,  if  the  line  of  direction  of  the 
falling  body  is  not  perpendicular  to  its  furface, 
the  water  would  not  reft  in  that  pofition,  but  will 
run  down  continually  towards  that  fide  which  is 
loweft,  that  is,  where  the  angle  is  obtufe  ;  or  from 
the  acute  fide  to  the  obtufe  fide ;  till  fuch  time  as 
the  fluid  makes  right  angles  on  all  fides  with  that 
line  of  direction.  And  by  the  laws  of  hydroftatics, 
it  can  never  reft  till  it  get  into  that  pofition.  And 
therefore  this  line  of  direction  muft  be  perpendicu¬ 
lar  to  that  furface,  or  to  the  plane  of  the  horizon 
in  that  place. 

«  t  •  z 

Cor.  If  a  body  be  fufpended  by  a  firing  ;  the  firing 
continued  to  the  earthy  is  perpendicular  to  the  horizon . 

PROP.  IV. 

In  the  globe  of  the  earth ,  it  is  probable  there  is 
more  folid  earth  than  water ,  and  more  fuperficial 
water  than  earth < 

♦ ' 

The  former  feems  to  be  evident  from  the  mo¬ 
tion  of  the  tides,  requiring  generally  3  hours  for 
the  time  of  high  water,  after  the  moon’s  fouthing; 
which  could  not  be,  if  the  fea  was  of  a  very  great 
depth  ;  for  then  the  fea  would  have  nothing  to  do 
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but  to  rife  perpendicularly  under  the  moon.  ForFig„ 
in  any  column  of  water,  reaching  near  the  center 
of  the  earth,  the  gravity  of  every  particle  of  it  is 
leffened  by  the  approach  of  the  moon  ;  therefore 
every  particle  of  it  will  endeavour  to  rife  at  once, 
which  therefore  it  will  do  inftantiy,  requiring  no 
fenfible  time;  the  water  coming  in  laterally 
from  the  other  columns  at  that  depth,  to  affift  the 
motion  ;  which  is  done  in  a  very  little  time,  as  the 
water  has  but  a  few  feet  to  rife  in  that  diredtion. 

But  in  fhallow  feas  the  cafe  is  quite  contrary,  for 
this  tide  of  water  cannot  now  be  fupplied  from  an 
abyfs  below  ;  but  mull  come  in  laterally,  from  all 
parts  around,  tending  to  the  place  where  the  moon 
is  vertical ;  and  having  many  miles  to  go,  muff 
create  a  great  current,  and  require  a  deal  of  time 
to  perform  the  motion  in,  juft  as  we  fee  it  does  in 
fadt.  And  this  proves  the  fhallownefs  of  thefe 
feas  where  fuch  currents  happen  to  be.  That  the 
fea  is  of  no  great  depth,  appears  alfo  by  the  great 
number  of  Iflands  difperfed  all  over  the  broadeft 
feas.  And  fome  have  fuppofed  the  depth  of  the 
fea  to  anfwer  to  the  height  of  the  mountains. 

That  there  is  more  water  than  land  in  the  furface, 
is  evident  by  infpedting  the  terreftrial  globe. 

And  fome  who  pretend  to  have  meafured  both,  or 
rather  to  have  weighed  them,  tell  us,  that  there  is 
near  three  times  as  much  water  as  land. 

Cor.  Hence  the  depth  of  the  fea  may  he  judged  of, \ 
hy  the  motion  or  current  of  the  tides. 

For  the  deeper  the  fea  is,  the  lefs  the  current 
will  be ;  as  more  of  the  water  is  fupplied  from  the 
abyfs  below. 

PROP.  V.  Proh. 

To  find  the  latitude  of  any  place  on  the  earth . 

Altho’  this  has  been  ftiewn  in  the  Aftronomy 
(Proh.  I.  Seht.  IV.)  vet  I  fhall  ihew  other  methods 

C  of 
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Figc  of  doing  it  here,  as  it  is  a  very  neceffary  requifite 
in  Geography. 

1  Way . 

With  a  very  good  inftrument  take  the  height  of 
the  pole  ftar,  which  note  down.  Then  at  twelve 
hours  diftance,  take  its  altitude  again,  which  al¬ 
io  note  down.  Then  add  thefe  two  altitudes  to¬ 
gether,  and  take  half  the  fum,  and  this  will  be 
the  latitude  of  the  place. 

Inftead  of  the  pole  ftar,  any  other  ftar  will  do, 
that  is  not  too  far  from  the  pole ;  for  if  it  be 
low  at  one  obfervation  it  will  be  affeded  with  re- 
fraction,  which  muft  be  allowed  for,  or  elfe  the 
iat.  will  not  be  exad. 

2  Way . 

If  you  know  the  declination  of  a  ftar  ;  take  the 
meridian  altitude  of  that  ftar}  from  this  fubftrad 
the  declination  if  it  be  north  •,  or  add  it,  if  fouth^ 
and  you  have  the  height  of  the  equinodial.  Sub- 
trad  the  height  of  the  equinodial  from  90  degrees 
and  you  have  the  latitude. 

Inftead  of  a  ftar,  you  may  make  ufe  of  the  fun, 
if  his  declination  be  known.  But  refradion  muft 
be  allowed  for  in  both. 

PROP.  VI.  Prob. 

CX c  find  the  longitude  of  any  place  upon  the  earth. 

This  Prob.  is  very  neceftary  in  Geography,  tho’ 
it  has  been  folved  before  in  the  Aftronomy. 

1  Way. 

Having  the  time  of  the  moon’s  fouthing  at  any 
place,  whofe  longitude  is  known.}  the  longitude  at 
any  other  place  may  be  found  thus.  Having  a 
meridian  line,  and  a  clock  or  watch  exadly  fet  to 

the 
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the  time;  obferve  the  time  of  the  moon’s  fouthingE 
at  your  place;  then  by  fubtradtion,  find  the  differ¬ 
ence  of  times,  at  this  place  and  that  of  known  lon¬ 
gitude.  Then  as  48  minutes  is  the  difference  of 
the  times  of  fou thing  of  the  fun  and  moon,  in  24 
hours.  Say,  as  48  minutes  to  360°  :  :  fo  is  the 
faid  difference  of  times,  to  the  difference  of  longi¬ 
tude.  And  this  difference  added  to  the  longitude 
of  the  known  place,  when  your  time  of  fouthing 
was  fooner,  or  fubtradted,  when  later;  gives  the 
longitude  of  your  place. 

2  Way. 

Having  the  time  of  the  moon’s  fouthing  at  any 
place  whofe  longitude  is  known,  as  alfo  the  time 
of  the  fouthing  of  fome  ftar  near  the  moon  ;  the 
longitude  of  any  other  place  may  be  found.  Ob¬ 
ferve  by  a  clock  or  watch,  by  your  meridian,  how 
long  after  or  before  the  ftar,  the  moon  fouths.  By 
fubtradtion  find  the  difference  of  times  at  the  firft 
place  ;  and  having  the  difference  of  times  at  your 
place,  fubtradt  one  from  the  other  for  the  fe- 
cond  difference.  Then  fay,  as  48  minutes,  to 
that  fecond  difference  ;  fo  360  degrees,  to  the  dif¬ 
ference  of  longitude. 

If  thfc  ftar  fouths  firft,  that  place  is  eaft  of  the 
other,  whofe  difference  of  times  is  the  leaft. 

If  the  moon  fouths  firft,  that  place  is  eaft,  whofe 
difference  of  times  is  greateft. 

But  the  moon  may  alfo  fouth  the  firft  at  one 
place,  and  the  laft  at  the  other.  In  that  cafe  you 
muft  take  the  fum  of  the  times,  inftead  of  the  fe¬ 
cond  difference  before  mentioned  ;  and  that  place 
is  eaftward  where  the  moon  fouths  firft.  Therefore 
in  any  cafe  your  latitude  will  be  known  ;  by  ad¬ 
ding  or  fubtradting  your  lat.  to  or  from  the  known 
lat.  as  the  cafe  requires. 
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Scholium. 

In  this  laft  method,  the  times  of  fouthing  at  the 
place  whofe  longitude  is  known,  may  be  found 
either  by  obfervation,  or  by  the  agronomical  tables. 
If  by  obfervation,  then  you  need  not  know  the 
precife  times  of  their  fouthing,  but  only  the  differ- 
ence  of  times,  by  a  correct  clock.  And  therefore 
if  proper  obfervations  be  made  at  the  two  places, 
on  any  night  agreed  on ;  that  fecond  difference 
will  be  found,  and  from  thence  the  diff.  longitude. 
And  both  ways,  to  be  more  exaCt,  inftead  of  48 
min.  the  motion  of  the  moon  from  the  fun  in  24 
hours,  ought  to  be  taken  from  the  Agronomical 
,  tables. 

PROP.  VII.  Prob. 

To  defer  ibe  the  phenomena  happening  to  the  inha¬ 
bitants  of  the  fever al  fpheres  and  zones . 

I.  In  a  right  f phere. 

1,  Here  the  people  live  under  the  equinoctial, 
and  therefore  have  no  latitude.  2.  The  inhabit¬ 
ants  here  enjoy  a  perpetual  equinox,  their  days  and 
nights  being  equal  thro*  the  whole  year.  3.  All 
the  conltellations  are  vifible  to  them,  and  everv 
ftar  is  12  hours  above  and  12  hours  below  the  ho¬ 
rizon.  4.  The  fun  is  twice  in  the  year  direCtly 
over  their  heads*,  and  twice  in  the  folflices ;  in 
one,  'declining  23d-  degrees  towards  the  north  ;  in 
the  other,  as  far  towards  the  fouth.  5.  They  have 
two  winters  and  two  fummers  in  a  year,  as  al¬ 
io  two  fprings  and  two  autumns ;  the  fummers  be- 
in  a.  when  the  fun  is  vertical. 

w 

II.  In  a  parallel  fphere . 

1.  Here  the  people  live  under  the  poles,  and 
eonfequently  their  latitude  is  90  degrees,  which  is 

the 


Sea.  I.  GEOGRAPHY.  2i 

the  greateft  that  can  be.  2.  They  have  no  eaft  orF'ig. 
weft,  or  any  other  point  but  north  and  fouth. 
Thofe  that  live  under  the  north  pole  have  nothing 
but  fouth  •,  and  thofe  under  the  fouth  pole,  no¬ 
thing  but  north.  3.  They  have  but  one  day  and  * 
night  in  the  year,  and  each  of  them  is  6  months 
iong.  4.  Thofe  at  the  north  pole  have  day  and  - 
fummer,  when  thefe  at  the  fouth  pole  have  night 
and  winter  5  and  vice  verfa.  5.  The  liars  never 
rife  and  fet,  but  move  round  them  in  circles  paral¬ 
lel  to  the  horizon  ^  and  therefore  are  always  at 
the  fame  height.  6.  The  fun  moves  continually 
round  about  them,  rifing  higher  and  higher  every 
day,  till  he  be  234-  deg.  high,  or  at  the  tropic. 
And  afterwards  dcfcends  again,  by  the  fame  de¬ 
grees,  till  he  fets  in  the  horizon. 

III.  In  the  oblique  fphere . 

1.  Here,  there  is  equal  day  and  night  only  twice 
in  the  year,  and  that  is  when  the  fun  is  in  the  equa¬ 
tor.  2.  In  fummer  the  days  continually  incrcafe, 
and  the  nights  decreafe,  till  the  fun  is  at  the  tro¬ 
pic  towards  their  pole,  after  which  the  days  con¬ 
tinually  decreafe  and  the  nights  increafe,  till  the 
fun  be  at  the  other  tropic  in  winter.  3.  The, great¬ 
er  latitude  any  place  is  in*  the  longer  are  the  long- 
ell  days,  and'  the  Ihorter  the  fhortelL  4.  Some 
dars  about  their  pole  are  always  above  the  horizon, 
and  therefore  always  vifible  *,  and  fome  liars  about 
the  contrary  pole,  are  always  below  the  horizon, 
and  therefore  never  feen.  5.  To  the  inhabitants 
of  the  oppofite  hemifpheres,  the  feafons  are  all 
contrary.  6.  To  all  people  in  the  fame  parallel, 
the  days  and  nights  are  of  the  fame  length  at  all 
times  of  the  year.  7.  The  greater  the  latitude  of 
the  place  is,  the  longer  twilight  continues. 
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IV,  In  the  torrid  Zone . 

1.  Thofe  that  live  in  the  torrid  zone,  have  the 
fun  twice  over  their  heads  in  a  year.  2.  They  have 
two  fummers  and  two  winters  in  the  year,  but  of 
unequal  lengths.  3.  Their  days  and  nights  are 
unequal  •,  and  the  more  fo,  the  further  they  are 
from  the  equator.  4.  Thofe  that  live  under  the 
tropic,  have  the  fun  but  once  a  year  over  their 
heads,  and  have  only  one  winter  and  one  fummer ; 
and  to  them  all  the  ftars  within  their  polar  circle  al¬ 
ways  appear,  but  none  of  thefe  in  the  oppofite 
polar  circle. 

V.  In  the  frigid  Zone . 

1.  Here  the  fun  continues  above  the  horizon 
for  feveral  days  in  fummer,  and  below  the  hori¬ 
zon  for  as  many  days  in  winter ;  and  the  nearer 
the  pole,  the  more  days  it  continues.  2.  Here 
is  but  one  fummer,  and  one  winter  in  the  year. 
3,  In  contrary  zones,  the  one  has  fummer,  when 
the  other  has  winter.  4.  Thofe  that  live  under 
the  polar  circle,  fee  the  fun  going  quite  round 
them,  when  he  is  in  their  tropic  ;  and  when  he  is 
in  the  contrary  tropic,  he  does  not  rife  for  a  day. 
To  them  the  ftars  between  the  tropics  rife  and  fet : 
the  liars  between  their  own  tropic  and  the  pole 
never  fet.  and  thofe  between  the  other  .pole  and 
tropic  never  rife. 

VI.  In  the  temperate  Zone . 

1.  The  meridian  fun  is  always  one  way,  viz. 
fonth  in  north  latitude,  and  north  in  fouth  latitude: 
and  therefore  never  comes  over  their  heads. 

2.  They  have  but  one  winter  and  one  fummer  in 
the  year.  3.  The  days  and  nights  are  always  of 
unequal  lengths  except  at  the  equinoxes.  4.  Thofe 
ftars  about  their  own  pole  never  fet,  which  are 

within 


Sea.  I.  GEOGRAPHY.  23 

within  that  parallel  whole  diftanfcfrom  the  pole  is  Fig. 
equal  to  the  latitude.  And  thofe  about  the  oppo- 
fite  pole  never  rife.  5.  In  the  oppofite  zones,  the 
feafons  are  contrary,  being  winter  in  one,  when  it 
is  fummer  in  the  other. 

PROP.  VIII.  Prob. 

T 0  find  the  length  of  a  fmall  arch  of  the  earth ,  as 
a  degree ,  &c.  * 

1  Way, 

Chufe  two  ftations  A  and  B  on  the  tops  of  two  2* 
mountains,  and  as  far  .diftant  as  poiTible,  fo  as  to 
be  feen  from  one  another.  And  having  fet  two 
marks  at  A  and  B,  which  may  be  feen  by  help  of 
an  inftrument  with  telefcopic  fights.  Place  your- 
felf  at  one  ftation  A,  and  with  the  inftrument  take 
the  angle  BAC  contained  between  the  perpendicu¬ 
lar  AC,  and  the  vifual  ray  AB.  Then  remove 
to  B  the  other  ftation,  and  in  like  manner  take  the 
angle  ABC  contained  between  the  perpendicular 
BC  and  the  vifual  ray  BA.  Then  by  adding  thefe 
angles  CAB  and  CBA  together,  you  have  the 
fum,  which  taken  from  180  degrees,  gives  the  an¬ 
gle  ACB.  Laftly,  meafure  the  line  AB,  leading 
dire&ly  from  one  ftation  to  the  other,  and  you  will 
find  how  many  miles,  &c.  of  the  earth’s  circuit  eor- 
refpond  to  the  angle  ACB.  If  any  part  of  the 
line  AB  be  impaffable,  and  cannot  be  meafured  di¬ 
rectly,  fuch  part  or  parts  muft  be  meafured  trigo¬ 
nometrically,  by  taking  off  ftations,  as  is  ufual  in 
meafuring  inacceffible  diftances. 

2  Way  . 

Chufe  two  places  on  the  Earth  fituated  under 
the  fame  meridian,  in  a  level  and  even  country, 
and  as  far  off  as  poffible,  fo  that  one  may  travel 

C  4  from 
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Fig.  from  one  to  the  other  in  a  right  line ;  take  the  la- 
2.  titude  of  thefe  two  places  feparately  (Prop.  V.) 
which  note  down  *,  and  fubtra&ing  one  from  the 
other,  gives  the  difference  of  latitude.  Then  mea- 
fure  the  diftance  of  the  two  places  in  a  direct  line  j 
and  you  will  know  what  length  in  miles,  &c.  be¬ 
longs  to  that  arch,  or  difference  of  latitude. 

3  Way. 

Take  two  places  as  before  in  a  very  level  courn 
try,  and  in  the  fame  meridian,  and  as  far  diftant 
as  you  can.  At  thefe  two  places,  let  the  meridian 
altitude  of  fome  noted  flar  be  exa&ly  taken,  the 
difference  of  thefe  altitudes  fhews  the  diftance  of 
thefe  places  in  degrees,  &c.  Then  if  the  diftance 
of  the  two  places  be  exadtly  meafured,  it  will  be 
known  how  many  miles,  &c.  anfwer  to  that  arch 
on  the  earths  and  confequently  how  many  to  a 
degree. 

Cor.  Hence  at  a  medium ,  the  length  of  a  degree 
upon  the  earth  is  about  69.31  Englijh  miles . 

In  the  year  1635  Mr.  Norwood  meafured  the 
diftance  between  London  and  York,  by  which  he 
found  the  length  of  a  degree  to  be  367196  feet  or 
69.54  miles. 

Mr.  Picard  found  a  degree  in  the  middle  of 
France  to  be  57060  French  toifes.  And  Mr.  Caf- 
ftni  afterwards  found  the  fame  length. 

Mr.  Mujfchenhroek  found  a  degree  in  Holland  to 
be  57033  toifes. 

Mr.  Maupertuis*  afterwards  corre&ing  Picard’s 
meafures,  makes  only  56926  toifes  to  a  degree. 

In  the  year  1736  Mr.  Maupertuis  and  his  com¬ 
pany  were  lent  by  the  French  king  into  the  gulf  of 
Bothnia ,  to  meafure  a  degree  of  the  meridian. 
And  they  found  the  length  of  a  degree  under  the 
polar  circle  to  be  57438  toifes. 
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At  the  fame  time  Mr.  Bouguer  and  Condamine Fig. 
were  fent  into  New  Spain,  and  there  they  foiind  2. 
a  degree  under  the  equator  to  be  56753  toifes. 

But  Bouguer  in  his  Navigation  Hates  it  thus, 
a  degree  at  the  equator  56748  toifes 

- in  lat.  45  57000 

— under  the  polar  circle  57422. 

From  thefe  meafures,  one  may  reckon  the 
mean  length  of  a  degree  to  be  about  57050 
toifes,  or  365586  feet  —  69  24  Englifh  miles ;  and 
the  mean  between  this  and  Norwood  and  Picard 
is  about  69.31  Englifh  miles. 

Note,  a  toife  is  reckoned  equal  to  6.4080  feet 
Englifh,  or  only  to  b.4  by  fome  writers. 

PROP.  IX.  Prob. 

To  find  the  circumference  and  diameter  of  the  earth . 

Having  the  length  of  a  degree  by  the  laft  Prop.  2 
If  that  be  multiplied  by  360,  the  product  gives 
the  circumference;  and  this  divided  by  3.1416 
gives  the  diameter  *,  and  half  of  the  diameter  is 
the  radius.  All  this  luppofes  the  earth  to  be  a 
iphere,  or  very  near  it. 

t 

Cor.  Hence  the  circumference  of  the  earth  is 
24951.6  Englifh  miles ,  the  diameter  7942,  and  the 
radius  397 1,  or  thereabouts . 

P  R  O  P.  X. 

Suppofing  the  body  of  the  earth  to  be  every  where 
of  equal  denfity  ;  its  figure  is  nearly  that  of  an  oblate 
fpheroid. 

Let  APEG  be  its  figure,  PG  the  axis,  ACE  3 
the  equinoctial.  And  let  FPHG  be  the  infcribed 

fphere. 
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Fig.  Ip  here.  Draw  BID  parallel  to  AC.  If  it  was  not 
for  the  diurnal  revolution,  the  equal  gravitation 
on  all  ftdes,  would  caufe  it  to  have  a  fpherical  fi¬ 
gure,  fuch  as  FPHG.  But  by  its  rotation  round 
its  axis,  a  part  of  the  gravity  is  deftroyed,  by 
the  centrifugal  force ;  and  the  diminution  of  the 
gravity  in  every  place,  will  be  proportional  to  the 
centrifugal  force  in  each  places  and  therefore  if 
we  fuppofe  the  earth  in  form  of  a  fluid,  that  cen¬ 
trifugal  force  will  caufe  the  fluid  parts  to  rife  high¬ 
er  about  the  equator,  in  order  to  keep  an  equi¬ 
librium  among  all  the  parts  of  it. 

Now  fmce  AF  zz  AC  —  PC,  the  part  AF  is 
fuftained  by  the  centrifugal  force.  And  to  find 
how  much  is  fuftained  at  B  thereby,  we  have  (by 
Con  3.  Prop.  111.  Centrip.  forces)  the  centrifugal 
force  at  A  :  centrifugal  force  at  B  in  the  plane 
DB  : :  AC  :  BD  :  :  AF  (the  effeft  of  the  cent,  force 
at  A) :  BX  (the  effedt  of  it  at  B).  And  by  divifion 
AC :  BD  :  :  FC  or  PC  :  ID.  Therefore  (by  Prop. 
XIX.  Ellipfis)  GAPE  is  an  ellipfis,  and  the  earth 
a  foheroid. 

JL 

if*.  ,  # 

Cor.  j  .  The  increafe  of  gravity ,  in  going  from  the 
equator  to  the  pole,  is  as  the  fquare  of  the  cofine  of  the 
latitude . 

Draw  IC,  and  BL  parallel  to  it  or  perp.  to  IL. 
Then  fince  BI  reprefents  the  centrifugal  force  of 
B,  adfing  in  direction  IB  perpendicular  to  the  axis 
PC  *,  if  this  be  divided  into  the  two  forces  IL, 
BL  •,  the  force  IL  is  no  way  oppofed  to  the  force 
of  gravity,  but  the  force  LB  is  diredlly  oppofed  to 
it.  Therefore  the  diminution  of  gravity  at  A  :  to 
that  at  B  :  :  as  AF  :  to  BL.  But  AF  to  BL  is  com¬ 
pounded  of  the  ratio  of  AF  to  Pd  or  1C  to  ID,  and 
BI  to  BL  or  (by  fimilar  triangles)  as  IC  to  ID. 
Therefore  AF  :  BL  : :  ICZ  or  FC1  to  ID\  There¬ 
fore  the  diminution  of  gravity  at  A  :  is  to  the  dimi¬ 
nution 
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nution  at  B  :  :  FC2 :  ID2.  Whence  the  diminution  Fig. 
at  any  place  B  being  as  ID2,  it  is  continually  dimi-  3. 
nifhed  (in  that  ratio)  from  P  to  A.  But  a  diminu¬ 
tion  from  P  to  A,  is  the  fame  thing  as  an  augmen¬ 
tation  in  going  from  A  to  P. 

Cor.  2.  The  gravity  of  a  body  at  the  equinoctial  A, 
is  to  the  gravity  of  the  fame  body  at  the  foie  P  :  : 
reciprocally  as  PC  to  AC, 

For  the  gravities  of  the  whole  columns  AC,  PC, 
are  equal;  and  therefore  a  certain  quantity  Q, 

will  weigh  at  A,  ;  and  at  P,  will  weigh 

AC  &  PC 

And  thefe  are  as  - — •  and - ,  or  as  PC  to  AC. 

AC  PC 

Cor.  3.  Inftead  of  fuppofmg  all  the  earth  in  the  ftate  4* 
of  a  fluid ,  if  we  fuppofe  there  is  in  the  middle  of  it> 
a  fphere  of  folid  matter ,  or  terrella,  as  GFPH,  en- 
compajfed  by  a  fluid.  The  figure  of  the  earth  will  then 
approach  nearer  to  a  fphere  ;  fuppofmg  the  denfity  eve¬ 
ry  where  equal. 

For  let  AFPQ^  be  a  part  of  the  water  or  fluid ; 
then  the  diminution  of  gravity,  in  the  columns 

CA,  CB  *9  going  dire&ly  to  the  center,  arifes  from 
the  centrifugal  force  as  before.  But  the  centripe¬ 
tal  force  does  not  affebt  the  parts  of  the  columns 
CF,  CL,  below ;  but  only  the  upper  parts  AF, 

BL.  Therefore  only  the  parts  AF,  BL,  are  in~ 
creafed  in  the  ratio  of  the  cofine  fquare  of  the  lati¬ 
tude  (by  Cor.  1.),  the  parts  CF,  CL  remaining 
equal  ;  and  confequently  the  wholes  AC,  BC, 
mufl;  be  nearer  a  ratio  of  equality  ;  that  is,  the  earth 
approaches  nearer  to  a  fphere.  And  the  more  fa, 
the  lefs  the  fluid  matter,  or  the  greater  the  terrella 
at  the  center. 

Cor.  4.  And  therefore  the  earth  is  the  moft  oblate 
it  can  be ,  when  the  whole  of  it  is  in  a  fluid ftate . 

PROP. 
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Fig. 


PROP.  XI.  Prob. 

\ 

Having  the  length  of  a  degree  in  two  feveral  lati¬ 
tudes  of  the  earth  to  find  the  folar  and  equinoctial 
diameters  of  it. 

Let  AC  be  the  radius  of  the  equinodtial,  CP 
the  femiaxis,  draw  BD  parallel  to  AC,  and  BR 
perpendicular  to  thecurve  in  B.  And  put  CA  zz  a , 
CP  zz  CD  zz  z,  BD  z -y.  S.  lat.  DBR  zz  s. 

Cof.  zz  r,  BR  zz  7T,  d  zz  length  of  a  degree  at  B. 
Then  by  the  nature  of  the  ellipfes  BDZ  zz  yy  zz  aa 
aa 

_  —  zz . 


ee 

Then  (by  Cor.  1.  Prop.  XL  Ellipfis)  DR  zz 

aaz.  And  BD  :  DR  : :  c  :  j,  or  aa  - 
ee 


aa  a^ 

- — zz:  _  2:2 

ee  e * 


zz 


cc  :  ss  \  that  is,  ee 
exss 


OO 


zz:~.  zz  :  :  cc:ss.  Whence 
ee 


ccaa-^ssee 


.  Again,  j  :  DR  (—  z  'i  :  :  Rad. 

^  ee  ) 


( 1 ) :  BR  or  k  zz 


aaz 


ees 


But  the  radius  of  curva 


5 

ture  in  B  is  equal  1^1,  b  being  the  parameter.  (See 

bb 

my  Fluxions,  Prob.  V.  Sedt.  II.  Schol.) 

Now  in  the  fame  figure,  the  length  of  a  degree 
in  any  place,  is  as  the  radius  of  curvature  in  that 

place  ;  therefore  d  is  as  or  as  —  2  ^  that  is, 
r  bb  bbe6sl 


as 


b ,  a  and  e  being  conftant.  But 


zz 


e 4 


ccaa  +  ssee 


,  and 


zl 


ccaa  +  ssee\* 


ss 

Therefore 
d  is 
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—•  —  »  or  as 
ccaa  *p  ssee\ *  ccaa  +  sseet 

i 


- ,  e  being  con- 


ft  ant ;  and  d*  OC 


oc  p9  putting  P  zz  d 


ccaa-\-ssee 

For  the  fame  reafon,  in  any  other  latitude,  P  OC 


CCaa  +  SSee 

i 

CC aa  ~p  Sbee 


Whence  p : 


.  •  "P  s 

©  •  JL  © 


ccaa- 1-  ssee 
Therefore  P CCaa  +  P SSee 


pccaa  +  pssee ,  and  PCC — pcc.aa  z zpss  —  PSS.^ 

i  aa 

and  — -  = 


aa  __  pss  —  PSS  __  PSS  —  pss  m  ^  a 
ee  5 


j. 


PSS — pss  


PCC — pcc  pcc  —  PCC 


/,  for  fhortnefs. 


pcc  —  PCC 

Let  r  —  radius  of  curvature  in  B,  then  r  X 
.01745  zz  dy  and  r  zz  -jL — . — ..  But  we  had  r  zz 


■017453 


4?r? 

bb 

aa 
e + 


X 


e“  ee 

_7T?  ZZ  —  X 

a *  a * 


+ 

■3 


X 


Z5 

aaee 


aa  z*  

e+  j5 

- ;  and  r  X 


ccaa  -p  eess | * 


ccaa  -p  ssee*  zz  aaee  \  or  (becaufe  a  zz  /<?),  r  x 
ccffee  x  jW*  zz  ffe 4.  And  dividing  by  or 

we  have  r  x  ccff  -p  jj[  *  zz  ffey  and  e  : 


/ 


X 


fir 


■3 

2 


~ff  -p  ssj*.  Whence  a  zz/<?  zz  j“  X  ccff  -p  jj, 

If  the  two  latitudes  be  at  the  pole  and  the  equa 
tor,  s  zz  o,  and  C  zz  o  *,  and  S  zz  1 ,  and  e  zz  1 

\/*5d 


then  —  or/ becomes  zz  ;  and  $ 


and  #  zz 


v/VDD 

•01745 


,01745 
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Take  the  two  latitudes  of  66°  31',  and  48°  50', 
and  the  meafures  of  the  degrees  57438  and  56926, 
according  to  Maupertuis ,  and  Picard  corrected. 

And  there  comes  out  —  or/iz  1.0109,  and  e  zz 

e 

32373°°  toifes  zz  3929  miles,  and  a  ~  3972,  the 
difference  is  43  miles,  that  the  earth  is  higher  at 

the  equator  than  at  the  poles,  which  is  — part  of 

92 

the  radius.. 

Again,  if  the  meafure  of  a  degree  at  the  equator 
and  polar  circle  be  taken,  which  are  5675 3  and 
57438,  as  fet  down  in  the  YI1I  Prop.  Then  the 

difference  of  the  femidiameters  will  be  — the  ra- 

216 

dius  of  the  earth. 

If  we  take  the  meafures  at  the  equator  and  in 
France,  lat.  o,  and  48  50,  which  are  56753  and 
56926  toifes,  the  difference  of  the  femidiameters 

will  be -  of  the  mean  femidiameter.  Or  if  Pi- 

577 

card's  own  meafure  betaken,  57060  \  the  difference 

will  be  . 

■3  20 

If  we  take  Bouguer's  meafures  56748,  57000 
and  57422  ^  for  the  latitudes  o,  45%  66~.  The 

1  j 

firft  two  give - *,  the  firft  and  Jail, - ;  and  the 

339  2 i 5 

two  laft, - ,  for  the  difference  of  the  radii. 

13  9 

In  the  Aftronomy  (Se&.  V.  Prop.  25.  Cor.)  I 
have  fhewn  from  the  theory  of  gravity,  that  the 

■  •  •  -X 

difference  of  the  femidiameters  is - .  And  Sir 

285 

e  pur- 
filing 


J.  Newton  makes  it 
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And  other  peopl 
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fuing  different  methods  and  meafures,  have  found  Fig. 
other  numbers,  all  differing  from  one  another.  5. 
Particularly  Bouguer  by  uflng  feveral  numbers,  finds 

for  a  mean.  Whilfl  Juan  ( who  accompanied 

178 

them  to  the  fouth)  makes  -i—  for  the  difference  of 

236 

the  radii. 

S  C  H  0  L  I  U  M. 

In  a  cafe  of  fuch  uncertainty  as  this,  what  can 
we  conclude  on  ?  Only  this  in  general,  that  the 
earth  is  flatter  at  the  poles  than  at  the  equator,  or 
higher  at  the  equator  than  at  the  poles.  For  fo 
great  is  the  difference  refulting  from  thefe  feveral 
obiervations,  that  fome  of  thefe  numbers  are  twice 
or  thrice  or  even  four  times  as  great  as  others.  And 
who  knows  which  is  right,  or  which  to  truft  to  r 
Sir  I.  Newton's,  calculated  from  the  theory  of  gra¬ 
vity,  feems  to  be  about  a  mean  among  them.  The 
meafures  under  the  polar  circle  and  in  France , 
make  the  height  at  the  equator  more  than  twice 
as  much  as  Sir  Ifaac.  Whilfl  the  fame  meafure 
under  the  polar  circle,  and  that  under  the  equinoc¬ 
tial,  makes  the  height  about  the  fame  as  Sir  Ifaac 
does.  Now  all  this  inconfiftency  muff  arife  from 
fome  of  thefe  caufes.  1.  From  the  defects  of  meafu- 
ring.  2.  The  fhrinking  or  lengthening  of  their 
poles.  3.  Fdrors  in  taking  the  latitude.  4.  The 
attractive  force  of  mountains.  Or  5.  That  the 
earth  is  not  a  true  fpheroid.  1.  As  to  the  defeds 
of  meafuring,  according  to  the  account  Maupertuis 
gives,  all  imaginable  care  was  taken  about  it.  Yet 
fome  errors  might  happen,  by  not  laying  the  rod’s 
in  a  right  line  from  right  to  left.  Or  fome  might 
happen,  by  not  laying  them  exadiy  horizontal. 

For  if  in  any  cafe  they  made  any  angles,  tho5  very 
fmall,  but  being  often  repeated,  they  would  a- 

mount 
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Fig.  mount  to  fomething  and  then  the  diRance  of  their 
55  Rations  would  meafure  to  more  than  it  really  was. 
And  it  would  be  difficult  enough  to  lay  the  rods 
truly  horizontal,  among  fo  much  fnow  as  they  had 
to  wade  thro’.  Add  to  this,  that  thefe  rods  might 
bend  in  fome  places  and  fo  become  ffiorter.  2.  As 
to  the  alteration  in  the  length  of  the  rods,  Mauper- 
tuis  tells  us  they  could  difcover  none.  But  I  never 
yet  met  with  any  fort  of  bodies,  that  were  not  af¬ 
fected  with  heat  and  cold.  And  1  can  never  think 
that  wood,  efpecially  fir,  is  fecure  againft  it.  For 
how  could  they  be  fure  of  the  contrary,  for  if 
they  brought  their  rods  out  of  a  cold  into  a  warm 
place,  where  their  thermometers  were  kept,  they 
would  immediately  expand  with  the  heat,  and 
during  the  time  of  meafuring  would  be  reduced  to 
the  fame  Rate  as  their  Randard.  In  like  manner, 
if  the  rods  were  brought  out  of  a  warm  place  to  be 
meafured  in  a  cold  one  by  their  Randard,  the  cold 
would  certainly  contraCt  them,  and  reduce  them 
to  the  fize  of  their  Randard.  And  this  is  the  more 
probable,  becaufe  they  took  a  great  deal  of  care 
to  have  them  nicely  adjufied,  which  would  require 
the  more  time  to  perform  the  operations  in ;  and 
being  all  the  time  in  one  place,  they  muR  partake 
of  one  Rate.  So  that  if  the  rods  did  really  lengthen 
and  ffiorten,  yet  I  cannot  fee  that  they  could  have 
any  certain  way  to  find  it  out.  And  1  take  this  to 
be  the  principal  caufe  of  a  degree  meafuring  to  fo 
many  toifes,  happening  thro"  the  contraction  of 
the  rods,  by  fuch  an  extreme  degree  of  cold.  But 
if  Maupertuis  will  have  it,  that  heat  and  cold  have 
no  cffieCt  upon  them ;  then  the  curious  mechanic 
need  feek  no  longer  for  a  metal  to  endure  heat  and 
cold  without  any  alteration  •,  for  here  wood  will  do 
the  bufinefs.  However,  we  know  that  wood  will 
be  contracted  or  dilated  by  drought  or  moifiure ; 
and  then  this  quality  may  be  as  pernicious  as  the 

other. 
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other.  3.  The  errors  that  may  happen  in  taking  Fig. 
the  latitude,  may  be  the  incorredtnefs  of  the  inftru-  5. 
ment,  or  the  want  of  care  in  ufing  it.  But  neither 
of  thefe  has  any  place  here,  as  they  had  the  bell  of 
inftruments  for  this  ufe,  and  the  ableft  hands  to 
ufe  them.  4.  The  irregular  attraaion  of  moun-  01 
tains  may  have  fome  effea  here  ;  for  all  their  ope¬ 
rations  were  performed  among  mountains.  And  a 
like  effea  happened  to  the  fouth  mathematicians ; 
for  they  found  the  attraaion  of  a  great  mountain,  P 
had  fo  much  influence  on  a  plumb  line,  as  to  caufe 
it  to  deviate  7  or  8  feconds  from  the  perpendicu¬ 
lar.  But  fuch  an  effea  was  not  expeaed  in  the 
north,  and  fo  no  experiments  were  made  about  it.  « 
What  is  faid  of  mountains  is  applicable  to  fuch  r 
parts  of  the  earth  as  are  denfer  than  the  refl:,  which 
will  have  a  like  effea,  tho5  they  are  quite  invifible  » 
to  11s.  And  a  fmall  matter  will  deflroy  the  accu¬ 
racy  of  an  experiment  fo  nice  and  curious  as  this  is. 

We  may  obferve  that  for  every  error  of  1  fecond, 
there  will  be  an  error  of  16  toifes  *,  and  in  20  ", 
will  amount  to  320  toifes,  which  makes  a  fenfible 
difference.  Add  to  this,  that  the  very  fhort  bafes 
that  are  made  ufe  of  in  fuch  cafes,  is  another  caufe 
of  error.  For  a  very  fmall  error  made  there,  will 
be  greatly  multiplied  at  the  far  end.  And  yet 
fhort  bafes  will  perform  better  than  long  bafes,  for 
a  great  part  of  thefe  will  be  upon  uneven  parts  of 
the  ground,  which  cannot  be  truly  meafured.  5.  But 
if  the  earth  be  an  irregular  folid  ;  no  meafures  can 
ever  confpire  to  make  it  regular.  And  what  ground 
have  we  to  think  it  is  regular.  The  internal  parts 
of  it  are  unknown  to  us.  It  may  happen  to  be 
denfer  towards  the  poles,  or  it  may  happen  to  be 
denfer  towards  the  equator.  But  thefe  two  diffe-  * 
rent  fuppofltions  will  caufe  different  figures.  And 
as  the  internal  conflitution  of  the  earth  is  unknown 
to  usr  the  true  form  of  it  will  always  remain  a  fe- 
cret  3  tho’  it  cannot  be  far  from  that  of  a  fpheroid. 

D  And 
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Fig.  And  tho*  thefe  eminent  perfons  that  were  fent  to 
5.  meafure  the  earth,  have  made  furprifing  difcoveries, 
and  have  executed  their  defign  as  far  as  human  art 
could  go  :  yet  an  operation  fo  nice,  fubtle  and 
critical,  can  never  by  any-  art  be  performed  to  the 
required  exadtnefs.  So  that  I  think  it  better  to  ac- 
quiefce  in  Sir  I.  Newton’s  numbers,  for  the  figure 
of  the  earth,  which  he  found  by  the  theory  of  gra¬ 
vity;  at  lead  till  we  can  get  fomething  better.  Efpe- 
cially  as  it  is  a  mean  among  the  different  figures, 
which  thefe  inconfident  and  various  meafures  have 
afforded  us.  And  upon  this  footing  I  will  put  down 
the  following  table,  after  I  have  confidered  the 
lengths  of  pendulums. 

Cor.  1 .  The  length  of  a  'pendulum  vibrating  feconds , 
increafes  from  the  equator  to  the  pole ,  as  the  for ce  of 
gravity  increafes ,  that  is ,  as  the  fquare  of  the  cofine  of 
the  latitude . 

For  (by  Prop.  XXVII.  Mechanics),  the  length 
of  the  pendulum,  is  as  the  force  of  gravity  •,  and 
therefore  the  increafe  of  the  length,  is  as  the  in- 
creafe  of  gravity,  that  is  (by  Cor.  1.  Prop.  X.)  as 
the  fquare  of  the  cofine  of  latitude. 

Cor.  2.  The  length  of  a  pendulum  at  the  equator  is 
to  the  length  of  a  pendulum  at  the  pole ,  as  the  axis  of 
the  earth  to  the  equatorial  diameter. 

For  ( by  Cor.  2.  Prop.  X.J  the  gravity  is  in  that 
ratio.  Yet  by  experiments,  it  appears  that  the  length 
of  a  pendulum  is  dill  lefs  at  the  equator  ;  and  there¬ 
fore  the  gravity  is  lefs  there  than  in  that  ratio  *,  and 
coniequently  the  earth  is  higher  at  the  equator  than 
we  fuppofed.  For  the  gravity  in  any  place  mud 
be  reciprocally  as  the  height  or  the  earth  in  that 
place  from  the  center ;  becaufe  the  feveral  columns 
of  the  fluid,  reaching  to  the  earth’s  center,  exactly 
ballance  one  another.  But  the  lengthening  of  a 
pendulum  in  different  latitudes  is  fo  fmall  a  matter, 

(being 
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(being  but  the  230th  part),  that  it  will  be  very  Fig, 
difficult  to  meafure  it  exactly;  and  efpecially  in 
different  countries,  where  this  experiment  is  diftum 
bed  by  heat  and  cold.  However  all  thefe  experi¬ 
ments  tend  to  prove  this,  that  the  earth  is  higher 
at  the  equator  than  at  the  poles.  But  to  find  ex- 
aaiv  how  much  higher,  will  never  be  known  from 
fo  nice  an  experiment  as  the  different  lengths  of 
pendulums,  no  more  than  it  can  be  from  the 
different  meafures  of  a  degree  upon  the  earth. 

A  table  of  the  lengths  of  a  pendulum  to  vibrate 
feconds  ;  and  the  length  of  a  degree,  to  every  5th 
degree  of  latitude. 


1 

degrees. 

length 

decree. 

0 

length 

pendulum. 

miles. 

inches. 

O 

68.723 

39.027 

5 

68.730 

39.029 

10 

68.750 

39.032 

1 5 

68.783 

29.026 

20 

68.830 

39.044 

-2  5 

68.882 

39.057 

3° 

68.950 

39.070  l 

35 

69.020 

39.084 

40 

69.097 

39.C97 

4-5 

69.1 76 

39. mi 

5° 

69.2  56 

39.126 

55 

69.33° 

39.142  } 

60 

69.40 1 

3  9 .  J  5  6  ■  I 

65 

69.467 

39.168 

70 

69,522 

39- 1 7  7 

j  7^ 

69.568 

39.  J  8  5 

80 

69.60  i 

39.  i  9I 

85 

69.620 

39- 1 95 

90 

69.628 

39“ 1 97 

D 
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'The  ebbing  and  flowing  of  the  flea  is  caufed  by  the 
attractions  of  the  fun  and  moon. 

Let  ABCD  be  the  earth  covered  with  water,  L 
the  fun  or  the  moon.  Then  fince  the  attractive 
force  of  the  body  L  is  reciprocally  as  the  fquare 
of  the  diftance,  the  water  under  L  being  nearer  than 
the  center  T  of  the  earth?  the  water  at  A  will  be 
more  attracted  than  the  parts  about  the  center  T  ; 
and  therefore  the  water  will  rife  at  A  and  fubfide 
at  D,  For  the  difturbing  forces  of  the  fun  and  moon 
(explained  in  Cor.  3  and  4,  Prop.  XXVII.  Centr. 
forces)  will  accelerate  the  water  from  the  quadra¬ 
ture  D  to  the  fyzigy  A  (by  Cor.  8.  ib.),  and  retard 
it  from  A  to  the  quadrature  B.  Now  as  the  earth 
turns  round  its  axis  from  D  thro*  A  and  B  ;  the 
water,  from  D  to  A  being  continually  accelerated, 
will  move  falter  than  the  earth  at  A.  And  being 
continually  retarded  from  A  to  B,  and  drawn 
back ;  it  will  move  flower  at  B  than  the  earth. 
Therefore  at  fome  intermediate  point  N,  the  water 
will  be  at  reft  in  refpeCt  of  the  earth.  Therefore 
fince  it  moves  on  all  Tides  towards  N,  it  mult  be 
accumulated  there  •,  and  therefore  it  will  be  full 
tide  at  N.  Alfo  at  fome  point  Q  in  the  quadrant 
DA,  the  water  will  alio  be  at  reft;  but  as  it  moves 
on  all  Tides  from  Q,  therefore  the  water  will  be 
deprefted  at  Qj  that  is,  it  will  be  ebb  or  low  wa¬ 
ter  at  Q. 

Likewife  in  the  oppofite  hemifphere  BCD,  the 
attraction  being  greater  at  T,  than  at  C,  by  the 
body  L  *,  T  will  endeavour  to  leave  C  behind, 
which  comes  to  the  fame,  as  if  C  was  attracted  from 
T  in  direction  TC,  juft  as  A  was  attracted  from 
T  *,  by  the  difference  of  the  attractions.  The  con- 

fequence 
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fequence  will  be  that  the  fame  effedis  will  happen  Fig. 
in  the  hemifphere  BCD,  as  in  the  other  DAB  *  the  6. 
water  will  be  accelerated  from  B  to  C,  and  retard¬ 
ed  from  C  to  D ;  and  at  fome  point  P  (oppofite  to 
N)  it  will  be  accumulated,  where  it  will  be  flood  *, 
and  at  fome  point  O  (oppofite  to  Q)  it  will  be  de- 
preffed,  and  there  it  is  ebb.  So  that  there  are 
two  floods  and  two  ebbs  in  the  fpace  of  24  (lunar) 
hours.  The  point  N  where  it  is  flood  is  always 
pafl:  the  moon’s  meridian  at  A  ;  and  the  farther 
pafl:  it,  the  fhallower  the  water  is,  or  the  quicker 
the  earth’s  motion.  Generally,  it  is  about  3  hours 
pafl. 

Cor.  1 .  At  the  time  of  the  new  and  full  moon,  the 
tides  are  the  greatefi  and  in  the  quarters  the  leaf, 
tfhe  former  are  called  fpring  tides ,  the  latter  neap 
tides  r 

For  at  the  new  and  full,  both  fun  and  moon  are 
m  the  line  AC,  and  both  raife  the  tides  at  A  and 
C  by  their  joint  forces.  Butin  the  quarters,  one 
raifes  the  tide  at  A  and  C,  and  the  other  at  B  and 
D.  In  the  firfl:  cafe  the  height  of  the  tide  will  be 
as  the  fum  of  the  forces  *,  in  the  fecond  cafe,  as 
their  difference.  But  as  the  moon’s  force  is  four 
times  as  great  as  the  fun’s,  the  fun  will  always 
make  fome  tide  tho’  lefs. 

Cor.  2.  But  the  fpring  tides  do  not  happen  cn  the 
day  of  the  change  or  full.  Nor  the  neap  tides  on 
the  days  of  the  quarters  ♦,  hut  about  3  days  after. 

For  the  waters  will  retain  the  motions  impreflfed 
upon  them  tor  fome  time  after  ;  tho’  the  forces  of 
the  luminaries  fhould  quite  ceafe.  But  as  their 
forces  are  very  little  di minified  in  2  or  3  days, 
the  tides  will  (till  increafe  for  a  time. 

Cor.  3.  ’Thefe  are  the  greatefi  tides,  ^hen  the  moon 
(as  alfo  the  fun)  is  near  eft  the  earth . 

D  3  For 
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Fig.  For  then  the  difturbing  force  is  greater. 

Cor.  4.  The  tides  are  higher  when  the  moon  ( and 
dlfo  the  fun)  is  in  the  equinoctial. 

For  the  effed:  wili  be  greater  in  a  great  circle* 
and  lefs  in  a  lefler.  At  the  pole  it  would  be  no¬ 
thing  •,  there  would  be  no  reciprocation. 

Cor.  5.  The  tides  are  greater  in  lejfer  latitudes , 
than  in  greater . 

For  the  motion  is  lefs  in  a  lefier  (or  parallel  cir¬ 
cle,  than  in  a  greater.  At  the  pole  it  would  be 
nothing. 

Cor.  6.  The  times  of  the  tide  happening  in  particu¬ 
lar  places ,  may  be  very  different  according  to  the  fitua - 
tion  of  thefe  places.  And  like  wife  the  height. 

For  the  motion  of  the  tide  is  propagated  fwifter 
in  the  open  fea,  and  flower  thro5  narrow  channels 
or  fhallow  places.  And  being  retarded  by  fuch 
impediments,  they  cannot  rife  fo  high. 

Scholium. 

As  the  moon  is  the  caufe  of  a  tide  in  our  fea,  fo 
the  earth  will  alio  raife  a  tide  in  the  lunar  fea,  if 
there  is  any.  But  that  tide  will  be  greater  in  pro¬ 
portion  to  the  greater  force  of  the  earth  (which 
is  about  40  to  1)  *,  and  lefs  in  proportion  to  its  lef- 
fer  diameter  (which  is  1  to  3.65).  Therefore  if 
the  moon  raifes  our  tide  8.6  feet,  our  earth  will 
raife  their  tide  about  93  feet.  But  as  fhe  turns  the 
fame  face  always  towards  the  earth,  that  tide  will 
iland  there,  without  any  reciprocation.  And  the 
moon  wall  put  on  the  figure  of  an  oblong  fphe- 
roid. 
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Fim 

PROP.  XIIL  Prob. 
o  found  the  depth  of  the  fea . 


Take  a  narrow  cylindrical  tube  ab ,  2  feet  long 
or  more,  the  longer  the  better ;  clofe  at  the  top 
#,  and  open  at  the  bottom  b .  Fit  a  cork  to  the 
end  b ,  to  go  pretty  eafy  in.  Then  immerfe  the  open 
end  b  into  a  velfel  of  treacle,  fo  that  the  treacle  may 
afcend  about  half  an  inch  in  the  tube.  Then  whilft 
it  is  in  the  veffel,  put  the  cork  in  at  which  will 
force  the  treacle  up  to  c ,  and  keep  it  there. 
Then  this  tube  muft  be  inclofed.  in  a  ftrong  brafs 
veffel  or  cover  DE,  of  great  weight,  that  it  may 
fmk  far  enough  •,  and  full  of  holes  in  the  fides,  to 
let  the  fea  water  go  freely  in  and  out.  After  the 
tube  is  put  into  this  brafs  cover,  fill  it  full  of  wool 
on  all  fides,  to  hinder  the  tube  from  breaking  a- 
gainft  the  cover.  Then  the  cap  G  muft  be  fcrewed 
on  to  keep  all  fail.  At  F  is  a  ring  fixed  to  the 
brafs  cover,  and  a  long  cord  is  to  be  tied  to  this 
ring  \  and  fo  the  whole  machine  funk  into  the  fea, 
till  it  reach  the  bottom,  if  the  cord  will  reach  fo 
far.  Then  it  muft  be  drawn  up  by  the  cord  ;  and 
obferving  how  far  the  infide  of  the  tube  is  daubed 
with  the  treacle,  as  at  r ;  the  preffure  of  the  water  ; 
and  confequentiy  the  depth  will  be  known :  and 


the  depth  is  —  — ^  i  X  io,  in  yards. 
ar 

For  io  yards  deep  of  the  fea  is  about  equal  to 

the  weight  of  the  atmofphere ;  and  at  all  depths, 

the  preffure,  as  alfo  the  depth,  is  reciprocally  as 

the  fpace  ar9  that  the  air  is  compreffed  into.  There- 

ab  A 

fore  —  zz  number  of  atmofpheres  preffmg  upon 

the  cork  at  r.  But  one  of  thefe  atmofpheres  is 

D  4  fpent 


12. 


I 
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Fig.  fpent  in  keeping  it  at  b,  or  keeping  the  included 
12.  air  in  the  Hate  ab,  when  the  depth  of  the  water  is 
nothing.  Therefore  the  number  of  atmofpheres 

prefling  it  from  b  to  r  is  —  — i  j  and  confequently 

ar 

the  depth  “  —  —  i  x  10. 

ar 

Scholium. 

It  may  be  fuppofed  that  the  length  of  the  cord 
is  fuflicient  for  meafuring  the  depth,  without  this 
apparatus.  But  this  will  not  hold,  for  thefe  reafons  ; 
i.  becaufe  the  fhip  being  in  motion,  the  weight 
does  not  fink  perpendicular ;  and  2.  where  there  is 
any  under  current,  it  will  alfo  carry  it  out  of  the 
perpendicular,  thoJ  the  fhip  was  to  be  at  reft, 

PROP.  XIV.  Prob. 

7 '0  find  the  di fiance  of  any  two  places  upon  the 
earth  whofe  latitudes  and  longitudes  are  known . 

If  the  places  have  the  fame  longitude,  or  be  un¬ 
der  the  fame  meridian,  there  is  no  more  to  do  but 
to  fubtradf  one  latitude  from  the  other,  when  they 
are  both  on  one  fide  of  the  equinoctial ;  or  add 
them,  if  on  different  Tides ;  and  the  difference  or 
the  Turn  is  the  diftance  in  degrees. 

In  general,  let  EPQ^  be  the  meridian  of  one 
place,  EQ  the  equinoctial,  P  the  pole,  A  and  D 
the  two  places  whofe  diftance  is  required,  PB  the 
meridian  of  B.  Thro’  A  and  B  draw  the  great  cir¬ 
cle  AB.  Then  fince  the  longitudes  are  given, 
their  difference  of  longitude  or  angle  APB,  is 
found  by  fubtradting  one  from  the  other.  And  the 
latitudes  being  given,  the  complements  thereof 
will  be  known,  or  their  diftances  from  the  fame  pole 
P,  that  is  AP  and  BP,  Therefore  in  the  triangle 

APB, 
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APB,  there  are  given  the  two  fid es  AP,  BP,  and  Fig. 
the  included  angle  APB  ;  to  find  the  fide  AB,  by  y. ' 
Cafe  8  of  Spherical  Trigonometry. 

From  the  end  of  the  lefier  fide  AP,  let  fall  the 
perpendicular  AD,  upon  the  longer  fide  PB. 
Then, 

Radius  : 

Cof.  APB  :  : 

Tan.  AP  : 

Tan.  DP. 

Then  DP  taken  from  BP,  when  the  angle  APB 
is  lefs  than  a  right  angle ;  or  added  to  it  when 
greater,  gives  the  fegment  BD.  Then, 

Cof.  PD  : 

Col.  PA  :  : 

Cof.  BD  : 

Cof.  BA,  the  difiance  required  in  degrees;  which 
multiplied  by  the  number  of  miles  in  a  degree 
(found  in  the  table  under  Prop.  XI.  for  the  middle 
latitude),  gives  the  diftance  in  miles. 

If  AP  and  PB  happen  to  be  equal,  as  when  the 
places  are  in  one  parallel  of  latitude  ;  the  folution 
will  be  eafier.  The  proportion  is  this. 

As  Radius  :  ^ 

Cof.  latitude  of  either  place  AP  :  : 

S.  half  the  diff.  longitude  APB  : 

S.  half  the  diftance  AB,  which  doubled  gives  the 
diftance  fought,  in  degrees,  on  the  arch  of  a  great 
circle. 

PROP.  XV.  Prob. 

Having  the  longitude  of  two  places  in  one  parallel ; 
to  find  their  diftance  on  the  parallel . 

Finding  the  diftance  in  the  arch  of  a  great  cir¬ 
cle,  was  folved  in  the  laft  Prob.  And  to  find  the 
diftance  along  the  parallel ;  fubtradt  the  longitude 

of 


42  GEOGRAPHY. 

» 

Fig.  of  one  from  that  of  the  other  place,  to  get  the 
y.  difference  of  longitude.  Then  fay, 

As  Radius  : 

Cof.  latitude  :  :  ~ 

Difference  of  longitude  : 

Diftance,  in  degrees  of  the  equinodial ;  which 
multiplied  by  69,31,  gives  the  diftance  in  miles 
Englifh.  Or  multiplied  by  60  gives  the  diftance 
in  geographical  miles. 

Otherwife  thus? 

From  the  following  table  take  the  length  of  a 
degree  for  the  given  latitude,  which  multiply  by 
the  difference  of  longitude  in  degrees,  give  the 
diftance  in  the  parallel,  in  geographical  miles. 


\ 


A  Table 
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A  Table  fhewing  how  many  geographical  miles  Fig. 
are  contained  in  one  degree  of  any  parallel,  for 
all  latitudes. 


i 

deer. 

geos-  i 

deg. 

geog. 

Jeg. 

geog. 

deg. 

geog. 

lat. 

miles. 

lat. 

miles. 

lat. 

miles1. 

lat. 

miles. 

O 

i 

6 0.00  j 

2  3 

55-23 

46 

41.68 

69 

21.50 

I 

59-99  I 

24 

54.81 

47 

40.92 

70 

20.52 

2 

59.96] 

25 

54-38 

48 

40.14 

71 

19-53 

3 

59-91  : 

26 

53-93 

49 

39-36 

72 

18.54 

4 

59-85 

27 

53-46 

50 

38-57 

73 

17-54 

5 

59-77 

28 

52.97 

5* 

37-76 

74 

i6-53 

6 

59-67 

29 

52*47 

52 

36.94 

75 

15-53 

7 

59-55, 

3° 

51.96 

53  136-1 1 

76 

I4-51 

8 

59-4- M 

3 1 

51 -43 

54 

35-27 

77 

I3-5° 

1  9 

59.26! 

32 

50.88 

55 

34.41 

78 

12.47 

IO 

59.09 

33 

5°-32 

56 

33-55 

79 

11.45 

I  £ 

58.89 

134  49-74 

57 

32,68 

80 

10.42 

12 

58.68 

35 

]49- 1 5 

58 

3 1  -79 

81 

9-38 

*3 

58.46 

36 

48.54 

59 

3°-9° 

82 

8.34 

T4 

58.22 

37 

47.92 

60 

[30.00 

83 

7-31 

*5 

57-95 

38 

47.28 

61 

29.09 

84 

6,2  7 

16 

57.67 

39 

46.62 

62 

28.17 

85 

5.22 

l7 

57-38 

40 

45.96 

63 

■27.24 

86 

4-18 

18 

57.06 

41 

45.28 

64 

26.30 

187 

3.14 

x9 

56-73 

42 

44.58 

65 

25-35 

88 

2.09 

20 

!56-39 

!  43 

43.88 

66 

24.40 

9 

1.05 

2  I 

^b.Ol 

[  44 

43- *6 

1 67 

2  3  •  44 

90 

0.00 

22 

!55-6s 

1 45 

42.42 

j  68 

22.47 

PROP.  XVI. 

The  origin  of  fprings  and  rivers  is  entirly  owing  to 
rain  and  vapours . 


The  ancients  had  very  unaccountable  notions 
about  the  caufe  of  fountains  and  rivers ;  and  many 

of 
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Pig,  of  them  abfurd  and  even  impoftible.  Some  of  them 
imagined  large  caverns  and  receptables  of  water 
within  the  earth,  placed  there  from  the  beginning, 
which  were  to  keep  running  for  ever  without  any 
fupply.  Others  fuppofed  vaft  quantities  of  fleam 
or  vapour  to  be  railed  within  the  earth  by  the  force 
of  fubterraneous  fires,  which  perfpiring  thro5  the 
earth,  and  condenfed  near  the  earth’s  furface,  might 
be  fufiicient  for  the  production  of  fprings  and  ri¬ 
vers  *,  as  if  there  were  a  vaft  number  of  boilers  or 
natural  alembicks,  placed  within  the  earth,  on 
purpofe  to  generate  fleam,  to  be  converted  into 
water  for  fprings.  Others  flicking  by  the  words 
of  fcripture,  would  have  the  water  of  the  fea,  con¬ 
trary  to  its  nature,  to  afcend  to  the  tops  of  moun¬ 
tains,  and  breaking  out  from  thence,  to  form 
fprings  and  rivers ;  as  if  there  was  no  other  way 
but  this,  for  rivers  to  be  derived  from  the  fea. 
Others  again  would  have  water  conveyed  from  the 
fea  by  feme  miraculous  and  fupernatural  powers ; 
as  if  God  had  not  been  able  to  do  this  in  a  natural 
way,  but  in  the  firft  inftitution  of  nature,  fhould 
impofe  a  perpetual  violence  upon  nature.  Others 
recur  to  the  influence  of  the  celeflial  bodies,  for 
attracting  the  water  to  the  higher  parts  of  the  earth. 
All  which  fuppofitions  are  too  weak  to  endure  any 
examination.  But  leaving  fuch  whims  and  chime¬ 
ra’s,  let  us  affign  the  true  caufe.  The  true  caufe 
then,  is  this.  The  heat  of  the  fun  draws  vaft  quan¬ 
tities  of  vapour  from  the  fea,  which  being  carried 
by  the  wind  to  all  parts  of  the  globe ;  and  being 
converted  by  the  cold  into  rain  and  dew,  it  falls 
down  upon  the  earth  *,  part  of  it  runs  down  into 
the  lower  places  •,  where  it  immediately  forms  ri¬ 
vers  •,  and  the  earth  drinks  ftp  the  reft  ;  part  of 
which  ferves  for  the  purpofes  of  vegetation,  and 
the  reft  defcending  into  hollow  cavern  and  places 
within  the  earth,  is  lodged  there  for  a  while  ; 

which 
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which  breaking  out  by  the  Tides  of  the  hills,  form  Fig. 
little  fprings,  which  will  continue  to  run  till  thefe 
fources  be  exhaufted,  or  more  rain  comes  for  a 
new  fupply.  Many  of  thefe  fprings  running  into 
the  vallies,  form  little  rivulets ;  and  feveral  of  thefe 
meeting  together  make  a  river  •,  and  feveral  of  thefe 
meeting  again,  if  the  way  be  long  enough,  form 
large  rivers,  which  at  lafb  empty  themfelves  ‘  into 
the  fea. 

That  the  fun  exhales  as  much  vapour  as  is  fuffici- 
ent  for  rain  is  pail  difpute  *,  it  has  been  proved  by 
aaual  experiments ;  and  befides  it  is  the  only  procefs 
that  nature  affords.  The  only  difficulty  is  to  know 
certainly  whether  the  rain  falling  in  a  year,  be  fuf- 
ficient  to  keep  the  rivers  running  for  a  year.  In 
order  to  know  this  the  area  of  fome  particular  coun¬ 
try  muft  be  meafured  in  fuperflcial  degrees.  Then 
all  the  rivers  running  from  thence  into  the  fea  muft 
be  noted,  and  their  tranfverfe  fedions  taken  juft  a- 
bove  the  tide  mark,  at  a  mean  depth,  and  a  mean 
velocity.  Then  it  will  eafily  be  known  how  much 
is  difcharged  in  a  year  at  all  thefe  fed  ions  of  thefe 
rivers.  Then  the  depth  of  the  rain  falling  in  a 
year  being  known  by  experiment,  being  in  fome 
places  1 6  inches,  in  fome  places  20,  in  others  30. 
Then  a  quantity  of  water  whofe  bafe  is  the  whole 
area  of  the  country  and  of  this  depth,  is  the  fund 
for  a  year’s  confumption.  Therefore  comparing 
thefe  two  quantities  together,  the  queftion  will  be 
decided.  A  French  author  has  made  a  computa¬ 
tion  this  way,  for  the  country  lying  about  the  river 
Seyne  in  France ,  and  finds  that  6  times  as  much 
water  falls  in  a  year  as  is  fufficient  to  keep  that  river 
always  running.  Five  parts  out  of  fix  are  employ¬ 
ed  in  feeding  of  trees,  herbs,  and  expence  of  va¬ 
pours,  and  extraordinary  floods,  and  other  wafting 
of  the  water,  by  finking  into  the  ground. 


Dr, 
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Fig.  .  Dr.  Halley  fays,  the  vapours  that  are  raifed  co¬ 
piously  from  the  fea,  and  carried  by  the  winds  to 
the  ridges  of  the  mountains,  are  conveyed  to  their 
tops  by  the  current  of  the  air ;  where  the  water 
prefently  precipitates,  gleeting  down  by  the  clefts 
of  the  rocks  ;  and  part  of  it  entering  the  hills,  is 
collected  into  bafons  or  receptacles  ;  which  being 
filled,  the  water  breaks  out  at  the  fides  of  the  hills, 
where  it  can  find  vent ;  and  forms  fprings  *,  feve- 
ral  of  which  form  rivulets,  and  many  of  thefe  make 
a  river,  fuch  as  the  Rhine,  the  Rhone,  the  Da¬ 
nube,  &c. 

Thus  one  part  of  the  vapours,  is  returned  again 
by  rivers  into  the  fea  ;  another  part,  by  cold  nights, 
fall  again  into  the  fea,  iin  dew  or  rain,  which  is 
much  the  greatdt  part :  a  third  part  fails  on  the 
lower  lands,  and  is  the  nourishment  of  plants. 

All  the  phenomena  of  rivers  and  fprings  confirm 
this  account.  For  in  a  long  drought,  rivers  and 
fprings  grow  very  low,  and  are  Sometimes  dry ; 
growing  lefs  and  lefs  as  their  magazine  is  more  and 
more  exhaufte.d.  In  mountainous  places,  the  rivu¬ 
lets  at  the  beginning  are  very  Small,  but  grow  big¬ 
ger  the  further  they  go,  by  the  accefs  of  other  Small 
parcels  of  water.  Therefore  the  heads  of  ail  rivers 
are  at  the  mountains.  In  places  where  it  never 
rains,  and  yet  have  rivers  •,  theSe  rivers  come  from 
places  where  it  does  rain,  but  run  thro’  thefe  coun¬ 
tries  that  have  none,  in  their  way  to  the  fea  j  but 
receive  no  augmentation  in  their  way ;  and  in  fuch 
countries  there  are  few  rivers,  only  fuch  as  are  ge¬ 
nerated  from  dews  and  mill.  That  the  fea  is  no 
bigger  for  all  the  rivers  running  into  it,  is  becaufe 
the  water  returns  back  to  the  land,  in  vapours.  It 
is  found  by  digging  into  the  ground,  that  all  places 
at  any  great  depth  are  full  of  water.  If  it  was  not 
fo,  there  would  be  no  need  of  engines  to  draw  the 
water  out  of  mines.  For  the  rains  that  fall  upon 

the 
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the  earth,  not  being  immediately  fent  off  by  the  ri-  Fig. 
vers,  a  part  of  it  lying  upon  the  ground  muff  gra¬ 
dually  fink  into  it,  delcending  lower  and  lower, 
thro’  narrow  fiffures  and  crevifes  ;  from  whence 
none  of  it  can  return,  but  what  breaks  out  in 
fprings,  according  to  this  theory. 

Cor.  1.  'There  is  a  continual  circulation  of  water 
fro?n  the  fea  to  the  land ,  thro 5  the  air  in  vapours  and 
rain  ;  and  from  the  land  to  the  fea ,  upon  the  earthy  by 
the  rivers. 

Cor.  2.  Hence ,  thofe  are  the  largeft  rivers  that  run 
thro 9  the  largeft  trait  of  ground . 

For  the  longer  the  tract  of  ground,  the  more 
rain  falls,  and  confequently  the  greater  any  river 
will  be.  The  further  they  go,  they  are  perpetually 
gathering.  Such  is  the  Danube  running  over  a 
length  of  above  800  miles,  and  at  laft  falls  into 
the  Euxine  fea. 

Cor.  3.  Wherever  we  find  a  large  river ,  in  any 
country  known  or  unknown ,  we  may  be  fare  of  this, 
that  it  runs  over  a  large  trait  of  land .  But  where  on¬ 
ly  fmall  rivers  are  to  be  met  with ,  it  indicates  a  fmall 
country. 

This  may  be  of  fome  ufe  to  thofe  that  are  feek- 
ing  after  new  countries. 

PROP.  XVII.  Prob . 

To  draw  a  map  of  the  world . 

A  map  is  a  geometrical  draught  or  reprefentation 
of  any  country,  (hewing  the  true  fituations  of  ail 
places  contained  therein,  as  to  longitude  and  lati¬ 
tude.  And  likewife  all  mountains,  rocks,  rivers, 
lakes,  woods,  forefts,  mines,  fands,  havens,  and 
whatever  is  remarkable  therein }  and  alfo  how  it  is 

bounded 
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Fig.  bounded  by  fea  or  land,  on  the  eaft,  weft,  north, 
and  fouth. 

It  is  an  eftabliftied  rule  among  all  Geographers, 
that  the  top  or  upper  part  of  any  map  is  the  north, 
for  Geographers  always  turn  their  faces  towards 
the  north  pole,  in  viewing  or  defcribing  the  feve- 
ral  regions  of  the  earth.  On  the  contrary,  Aftro- 
nomers,  obferving  the  twelve  conftellations  of  the 
zodiac,  look  towards  the  fouth.  Priefts  look  to¬ 
wards  the  eaft,  and  Poets  towards  the  weft. 

There  are  feveral  methods  of  drawing  maps  ufed 
by  different  people;  the  principal  whereof  we  fhall 
here  defcribe. 

1  Method. 

A  map  of  the  world  mu  ft  reprefent  two  hemi- 
fpheres ;  and  both  muft  be  drawn  upon  the  plane 
of  that  circle  which  divides  the  two  hemifpheres. 
The  firft  way  is  to  project  either  hemifphere  upon 
the  plane  of  the  firft  meridian,  by  the  rules  of  or¬ 
thographic  projection,  laid  down  before.  And 
then  upon  another  equal  circle,  project  the  other 
hemifphere  by  the  fame  rules.  Here  the  meridians 
and  parallels  are  to  be  projected  to  every  ten*  de¬ 
grees  difference  of  latitude,  and  longitude  ;  or  if 
you  pleafe,  to  every  5  degrees.  Upon  the  plane 
of  the  meridian,  the  meridians  will  be  ellipfes,  and 
the  parallel  circles  all  right  lines.  Upon  the  plane 
of  the  equinoctial,  the  meridians  will  be  right  lines, 
and  the  parallels  of  latitude  will  be  circles.  The 
fault  of  this  way  of  drawing  maps,  is,  that  near  the 
outfide,  the  circles  will  be  too  near  one  another; 
and  therefore  equal  fpaces  on  the  earth  will  be  re- 
prefented  by  unequal  fpaces  upon  the  map. 

2  Method. 

Another  method  is  to  project  all  the  meridians 
and  parallels  by  the  rules  of  ftereographic  projecti¬ 
on,  likewife  laid  down  before.  And  this  is  to  be 

done 
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done  for  both  hemifpheres  ;  and  may  be  either -Fig. 
upon  the  firft  meridian  or  upon  the  equinoctial.  8„ 
And  by  this  method  all  the  parallel  circles  will  be 
reprefented  by  circles,  and  the  meridians  by  circles 
or  right  lines.  Here  again  equal  fpaces  on  the 
earth  are  reprefented  by  unequal  fpaces  in  the  map. 

For  on  the  outfide,  the  circles  are  too  far  diftant, 
and  near  the  middle  too  near  together.  To  remedy 
theie  things,  another  method  may  be  ufed. 


3  Method. 

This  may  be  done  either  upon  the  fir  ft  meridian, 
or  upon  the  equinochal.  For  the  fir  ft  meridian  ; 
■draw  the  circle  PENQ  for  the  meridian,  thro’  the 
center  C,  draw  the  equinoctial  EQ,  and  NP  per* 
pendicular  to  it ,  then  P  and  N  are  the  poles. 
Divide  the  quadrants  PE,  EN,  NQ,  and  QP  in* 
to  9  equal  parts,  each  reprefenting  10  degrees,  be¬ 
ginning  at  the  equinoctial  EQ.  Likewife  divide 
CP  and  CN,  into  9  equal  parts  ;  beginning  at  EQ^ 
Thro’  the  correfpondent  points,  draw  the  parallels 
of  latitude.  Again  divide  EC  and  CQ  into  9  equal 
parts ;  and  thro’  the  points  of  divifion,  and  the 
two  poles  N  and  P,  draw  circles  or  rather  ellipfes 
for  the  meridians.  And  another  like  projection  be¬ 
ing  made  for  the  oppofite  hemifphere,  the  map  is 
ready  for  inferting  the  feveral  places  and  countries 
of  the  earth. 

For  the  projection  on  the  plane  of  the  equinoc¬ 
tial,  draw  AQBE,  for  the  equinoeiial ;  divide  it 
into  the  4  quadrants  E A,  AQ,  QB,  and  BE; 
and  each  quadrant  into  9  equal  parts  reprefen, ting 
i  o  degrees  of  longitude.  From  the  points  of  di* 
vifion,  draw  lines  to  the  center  C,  for  the  circles 
of  longitude.  Divide  any  circle  of  longitude,  as 
the  firft  meridian  EC,  into  9  equal  parts,  and  thro9 
thefe  points  deferibe  circles  from  the, center  C  for 
the  parallels  of  latitude.  Then  number  them  as  in 
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Fig!  the  figure.  Likewife  draw  the  oppofite  hemifphere, 
9.  after  the  fame  manner,  and  the  projection  is  finifti- 
ed. 

In  this  laft  method,  equal  fpaces  on  the  earth 
are  reprefented  by  equal  fpaces  on  the  map,  as  near 
as  any  projection  will  fuffer ;  for  a  fpherical  fur- 
face  can  no  way  be  reprefented  exaCtiy  upon  a 
plane.  Then  the  feveral  countries  of  the  world, 
feas,  Hands,  fea  coafts,  towns,  &c.  muft  be  placed 
therein,  according  to  their  longitudes  and  latitudes, 
for  which  the  circles  already  drawn  are  to  be  your 
guide. 

All  places  reprefen  ting  land  are  filled  with  fuch 
things  as  the  countries  contain  ;  but  the  feas  are 
left  white  ^  the  (bores  adjoining  to  the  fea  muft  be 
(haded.  Rivers  are  marked  by  ftrong  lines,  or  by 
double  lines,  drawn  winding  in  form  of  the  rivers 
they  reprefent ;  and  final!  riveus  are  denoted  by 
jfmall  lines.  Different  countries  are  beft  coloured 
with  different  colours,  or  at  lcaft  their  borders 
fhould  be  fo.  Forefts  are  reprefented  by  trees 
and  mountains  (haded  to  make  them  appear.  Sands 
are  denoted  by  fmall  points  or  fpecks.  Rocks  un¬ 
der  water  are  known  by  a  crofs.  In  any  void  place 
draw  the  mariners  compafs  with  the  32  winds. 
Thefe  general  maps,  or  maps  of  the  world,  are 
c  ailed  planifpheres. 

P  R  O  P.  XVIII.  Prob. 

To  draw  a  map  of  any  particular  country . 

1  Method . 

In  order  to  this,  you  muft  firft  know  its  extent 
as  to  latitude  and  longitude  •,  as  fuppofe  it  lies  be¬ 
tween  the  north  latitudes  36  and  44;  and  extends 
from  the  longitude  of  10  to  23  degrees  ;  fo  its  ex¬ 
tent  from  north  to  fouth  is  8  degrees,  and  from 
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weft  to  eaft  13  degrees.  This  will  be  a  map  of  Fig, 
Spain. 

To  proceed,  draw  the  line  AB  for  a  meridian,  ip# 
palling  thro’  the  middle  of  the  country,  on  this  fee 
off  8  degrees  from  B  to  A,  taken  from  any  conve¬ 
nient  feale.  Let  A  be  the  north  point,  B  the 
fouth.  Thro’  A  and  B  draw  the  perpendiculars 
CD,  EF,  for  the  extreme  parallels  of  latitude.  Di¬ 
vide  AB  into  8  parts  or  degrees,  thro’  which  draw 
the  other  parallels  of  latitude,  parallel  to  the  for¬ 
mer. 

Next,  to  draw  the  meridians  ;  divide  any  degree 
In  AB  into  60  equal  parts  or  miles.  Then  as  the 
length  of  a  degree  in  each  parallel  decreafes  towards 
the  polej  from  the  table  Prop.  15,  take  the  num¬ 
ber  of  miles  anfwering  to  the  lat.  of  B,  which  is 
48.54  or  48G  and  fet  from  B,  7  times  to  E,  and 
6  times  to  F  •,  fo  EF  is  divided  into  degrees,  Again 
from  the  fame  table,  take  the  number  of  mfies  an¬ 
fwering  to  the  lat.  of  A,  which  is  45.16  ;  this 
makes  a  degree  in  the  iat.  44.  Therefore  fet  off 
43  minutes,  7  times  from  A  to  C,  and  6  times 
from  A  to  D.  Then  from  the  points  of  divifion, 
to  the  correfpondent  points  in  the  line  EF,  draw 
fo  many  right  lines,  for  the  meridians.  Then  num¬ 
ber  the  degrees  of  latitude  up  both  hides  of  the 
map  ;  and  the  degrees  of  longitude  on  the  top  and 
bottom.  In  fome  vacant  place  make  a  feale  of 
miles ;  or  of  degrees,  if  your  map  reprefent  a  large 
part  of  the  earth  this  will  ferve  for  finding  the 
diftances  of  places  upon  the  map. 

Then  make  the  proper  divifions  and  fubdivifions 
of  the  country.  And  having;  the  latitude  and  ionei- 
gitude  of  the  principal  places  of  the  country,  it  will 
be  eafy  to  put  them  down  in  the  map.  For  the  place 
.any  town  will  be-where  the  circles  of  its  latitude  and 
longitude  interfere  Thus  Gibraltar ,  whofe  lat.  is  36° 

i  and  longitude  1 20  27k  will  be  at  G.  And 
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Fig.  Madrid ,  whofe  lat.  is  40°  ic/,  and  long.  140  44', 
10.  will  be  at  M.  And  thus  the  boundaries  will  be 
defcribed,  by  betting  down  the  remarkable  places 
on  the  fea  coaft,  and  drawing  lines  from  one  to  a- 
nother.  In  like  manner  the  mouth  of  a  river  muft 
be  fet  down  ;  but  to  defcribe  the  whole  river,  the 
lat.  and  long,  of  every  turning  muft  be  fet  down, 
and  the  towns  and  bridges  by  which  it  paffes.  And 
fo  for  woods,  forefts,  mountains,  lakes,  caftles, 

&c.  This  way  is  very  proper  for  fmall  countries. 

% 

2  Method. 

Maps  of  parr cular  places  are  but  limbs  of  the 
globe,  and  therefore  may  be  drawn  after  the  fame 
manner  as  the  whole  is  drawn.  Therefore  a  map 
of  any  particular  country  may  be  drawn  either  by 
the  orthographic  or  ftereographtc  projeftion  of  the 
fphere,  as  in  the  laft  Prob.  But  as  this  is  difficult 
to  do  in  fuch  partial  maps,  we  ffiall  ftiew  fome 
eaiier  ways,  as  follows. 

Having  drawn  the  meridian  AB,  and  divided  it 
into  equal  parts  as  in  the  laft  method  ;  draw  thro5 
all  the  points  of  divilion  lines  perpendicular  to  AB 
for  the  parallels  of  latitude;  EF,  CD  being  the 
extreme  parallels.  Then  to  divide  thefe  parallels, 
fet  off  the  degrees  in  each  parallel,  diminiffied  ac¬ 
cording  to  the  table  in  Prop.  15,  as  was  done  for 
the  two  parallels  EF  and  CD  in  the  laft  method. 
And  thro9  all  the  correfpondent  points  draw  the 
meridians,  which  will  be  curve  lines.  In  the  laft 
method  thele  meridians  were  right  lines,  becaufe 
only  the  extreme  parallels  wrere  divided  by  the  ta¬ 
ble.  This  method  is  proper  for  a  large  country  as 
Europe ,  &c.  And  then  the  parallels  and  meridians 
need  only  be  drawn  to  every  5  or  10  degrees.  This 
method  is  much  ufed  in  drawing  maps.  And  here 
all  the  pacts  will  be  nearly  of  their  due  magnitude, 
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but  a  little  diftorted  towards  the  outfide,  from  the  Fig, 
oblique  interfections  of  the  meridians  and  parallels.  10, 

3  Method . 

Draw  PB  of  a  convenient  length,  for  a  meridi-  u. 
an  ;  divide  it  into  9  equal  parts,  and  thro’  the 
points  of  divihon,  deferibe  fo  many  circles  for  the 
parallels  of  latitude,  from  the  center  P  which  re¬ 
prerents  the  pole.  Suppofe  the  height  of  the  map 
to  be  AB  •,  then  CD  will  be  the  parallel  palling 
thro5  the  greateft  latitude,  and  EF  will  reprefen t 
the  equator.  Divide  the  equator  EF  into  equal 
parts,  equal  to  thofe  in  AB,  both  ways,  beginning 
at  B.  Aiib  divide  all  the  parallels  into  the  fame 
number  of  equal  parts,  but  lefler,  in  proportion 
to  the  numbers  for  the  feveral  latitudes,  as  given 
in  the  table  of  Prop.  XV;  juft  as  the  reblilineal 
parallels  were  divided  in  the  laft  method.  Then 
thro5  all  the  correfpondent  divifions,  draw  curve 
lines,  which  will  reprefent  the  meridians :  the  two 
extreme  ones  are  EC  and  ED.  Then  number  the 
degrees  of  latitude,  and  thofe  of  longitude,  flip- 
poling  EC  to  be  the  frit  meridian.  And  a  fcale  of 
equal  parts,  either  of  miles  or  degrees,  may  be 
laid  down  for  meafuring  diftances.  Maps  are  very 
commodiouily  drawn  this  way,  and  it  is  called  the 
globular  projection.  Here  alfo  the  parts  ot  the 
arth  will  be  reprefen  ted  of  their  due  magnitude, 
excepting  that  they  are  a  little  diftorted  on  the  out 
fides. 

When  the  place  is  but  fmall  that  a  map  is  to  be 
made  of,  as  if  a  county  was  to  be  map’d  ;  the  me¬ 
ridians  as  to  fenfe,  will  be  parallel  to  one  another, 
and  the  whole  will  differ  very  little  from  a  plane. 
Such  a  map  will  be  made  more  eafily  than  by  the 
foregoing  rules.  It  will  be  fufficient  to  meafure  -the- 
diftances  of  places  in  miles,  and  by  the  help  ot 

e  a 


o 

e 


tngOr 


J4  '  GEOGRAPHY. 

Fig.  trigonometry*  to  lay  them  down  in  the  map.  And 
this  belongs  more  properly  to  furveying. 


Cor.  i .  Hence ,  any  'place  may  be  found  which  is 
in  the  map  ;  if  its  longitude  and  latitude  be  given. 


This  is  done  by  carrying  your  eye  along  the 


parallel  of  latitude  in  which  the  place  lies,  till 
you  meet  with  its  circle  of  longitude  •,  and  there 
the  place  will  be  found. 


’O' 


Cor.  2.  Hence  alfo ,  the  defiance  of  any  two  places 
in  the  map  may  be  found. 

To  do  this,  take  the  diftance  of  the  two  places 
in  your  companies,  and  apply  it  to  the  fcale,  and 
it  will  (hew  the  diftance.  If  there  is  no  fcale  ap¬ 
ply  it  to  the  fide  of  the  map,  and  it  will  fliew  the 
diftance  in  degrees. 

If  your  diftance  be  large,  take  feme  even  num¬ 
ber,  in  your  compares  from  the  fcale,  as  ioo;  and 
turning  it  over  and  over  from  one  place  to  the  o- 


ther,  going  in  a  right  line;  the  number  of  thefe 


o 


turns,  will  give  the  diftance.  If  any  thing  re¬ 
mains,  apply  it  to  the  fcale,  which  will  fliew  how 
much  the  odd  part  comes  to.  But  after  all,  the 
diftance  is  moil  exactly  known  by  fpherical  trigo¬ 
nometry,  as  was  fnewn  in  Prop.  XIV. 


ScttOLIU  M. 


Since  no  maps  deferibed  upon  a  plane  furface* 
can  exactly  reprefent  any  part  of  the  earth's  furface, 
which  is  fpherical,  but  the  parts  will  be  in  home 
meafure  diftorted  ;  and  the  more  fo,  the  larger  the 
portion  of  the  earth's  furface  is,  which  is  to  be  re-  . 
prefented.  Therefore  Geographers  have  invented 
the  terreftrial  globe,  on  which  they  delineate  all  the 
parts  of  the  earth's  furface  ;  which  therefore  will 
give  a  true  and  exact  reprefentation  of  every  part  of 
Y\nd  the  fame  may  be  done  for  any  fegment  of 
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a  fpherical  furface  ;  and  then  a  map  drawn  upon  Fig. 
fuch  a  portion  of  the  furface  of  the  fphere  will  1 1, 
alfo  give  a  true  reprelentation  of  the  country  def¬ 
ended.  And  Rich  a  part  of  a  convex  furface  is 
capable  of  being  made  to  a  much  larger  diameter 
than  a  whole  globe  can.  Thefe  may  be  made  of 
thin  convex  fhells  of  pafteboard,  formed  to  the 
intended  radius,  and  the  map  pafted  on,  piece  by 
piece.  And  each  piece  will  be  beR  made  in  form 
of  a  zone  of  10  degrees  in  breadth.  And  each 
zone  will  be  nearly  a  portion  of  a  conic  furface  in¬ 
cluding,  and  touching,  the  fphere  in  the  middle  of 
that  zone.  And  that  part  of  the  conical  furface 
being  unrolled  or  extended  into  a  plane,  is  the 
bottom  part  of  the  fedior  of  a  circle.  And  there¬ 
fore  Rich  pieces  are  eafily  defcribed  ;  for  the  ra¬ 
dius  thereof  is  the  tangent  of  the  diftance  of  the 
greater  circle  of  the  zone  from  its  pole  j  and  its 
breadth,  that  of  the  zone  ( 10  degrees)  •,  and  its 
length,  the  circumference  of  the  zone.  Thefe 
zones  thus  cut  out,  mult  fir  It  be  printed,  whilft  in 
piano,  and  then  pafted  on  the  fegment  of  the  globe, 
one  after  another.  And  this  will  conftitute  a  kind 
of  fpherical  map. 

PROP  XIX. 

If  a  man  travels  weft  ward  ( or  fails  in  a  jhip)  quite 
round  the  earth ,  till  he  comes  to  the  place  he  depart¬ 
ed  from  ,  he  will  lofe  a  day  in  his  reckonings  But  if 
he  travels  e  aft  ward  round  the  globes  he  will  gain  a 
days  when  he  comes  to  the  fame  place  again. 

For  Rip  pole  him  that  travels  weft  ward,  continually 
to  keep  pace  with  the  fun,  till  he  arrives  at  the  firffc 
place  •,  it  is  evident  he  has  continual  day,  and 
therefore  it  is  the  fame  day  to  him  all  the  while. 

But  theie  people  that  remain  at  the  place  departed 
from,  have  had  night  in  the  mean  time  j  confe- 
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qttefltly  they  reckon  a  day  more  than  he  does* 
And  the  cafe  is  the  fame  if  he  does  not  keep  pace 
with  the  fun,  provided  he  kill  goes  weftward  ;  for 
by  doing  fo  he  gets  continually  into  more  weftern 
longitude,  by  which  means  every  day  is  lengthened, 
fo  much  as  he  chancres  his  longitude.  And  at  laft 
arriving  at  the  fir  ft  place,  he  has  changed  his  lon¬ 
gitude  to  360  degrees,  which  amounts  to  24  hours 
or  1  day,  that  they  have  ail  been  lengthened  *,  and 
therefore  he  has  loft  fo  much  in  his  reckoning. 

Again,  fuppofe  him  that  travels  or  fails  eaftward* 
to  perform  his  journey  round  the  earth,  in  a  very 
fmall  time  ;  fo  that  when  he  arrives  at  the  place  de¬ 
parted  from,  the  fun  is  ftill  up.  It  is  plain,  the 
lame  day  continues  to  the  inhabitants  he  left ;  but 
in  the  mean  time,  he  has  had  one  night  *,  and  that, 
when  he  was  oppofite  to  the  fun  ;  and  is  no w  come 
into  day-light  again  ;  and  therefore  he  muft  reckon 
a  day  more  than  thefe  inhabitants ;  that  is,  he  has 
gained  a  day.  And  it  is  the  fame  thing  if  he  tra¬ 
vels  or  fails  flowly  eaftward  ;  for  he  continually 
comes  into  more  eaftern  longitude,  by  which  every 
day  is  fo  much  fhortened,  which  in  the  whole  cir- 
cumference  amounts  to  24  hours  or  one  day.  And 
his  days  being  fhortened  by  24  hours,  the  number 
of  them  muft  be  fo  much  greater that  is,  the  bai¬ 
lor  reckons  one  day  more  than  the  inhabitants. 

Cor.  Hence  if  one  man  fails  or  travels  weft,  ano¬ 
ther  eajt ,  and  a  third  remains  in  the  fame  place  ;  what 
is  f rid  ay  to  the  weftern  fail  or,  will  be  fat  ur  day  to  the 
inhabitant ,  and  funday  to  the  eaftern  traveller ,  when 
they  all  meet  again. 

For  he  that  fails  weft  has  loft  a  day,  fo  faturday 
vdll  be  friday  to  him.  And  he  that  fails  eaft,  has 
gained  a  day,  and  therefore  faturday  v/ill  be  fun- 
day  to  him.  The  inhabitant  remaining  in  the  fame 
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place,  neither  'gains  nor  lofes ;  fo  that  funday  is  Fig, 
ftill  funday  to  the  inhabitant.  1 

PROP.  XX.  Prob . 

To  defer ibe  the  general  affections  and  properties  of 
the  earth ,  &c. 

It  has  been  fhewn  before  that  the  figure  of  the 
earth  is  fpherical,  or  rather  of  a  figure  inclining  to 
the  fhape  of  an  cblaT^Tperoid  ^  and  that  the  earth 
and  fea  together  cornpofmg  one  body,  both  par¬ 
take  of  the  fame  figure  •,  and  that  is,  without  ta¬ 
king  notice  of  the  fmall  irregularities  upon  its  fur- 
face,  infenfible  in  refpedt  of  the  whole.  We  have 
likewife  fhewn  the  origin  of  rivers,  and  the  caufe 
of  the  ebbing  and  flowing  of  the  fea.  Likewife 
the  various  phenomena  peculiar  to  the  feveral  in¬ 
habitants  of  the  globe,  in  different  zones  of  the 
earth,  have  been  defended.  Its  diurnal  motion 
round  its  axis,  and  annual  motion  about  the  fun 
have  been  fhewn  in  the  Aftronomy.  But  there  are 
feveral  adjuncts  or  peculiarities  belonging  to  the 
earth,  which  we  muff  fpeak  of  in  this  propofition. 
And, 

1.  The  body  of  the  earth  is  every  where  fur- 
rounded  by  a  body  of  air  called  the  Atmofphere . 
This  body  of  air  reaches  to  the  height  of  50  miles 
or  more  above  the  earth,  as  is  gathered  from  the 
beginning  of  twilight,  which  is  when  the  fun*  is  1 8 
degrees  below  the  horizon.  But  notwithftanding 
this  great  height  of  the  atmofphere,  it  grows  conti¬ 
nually  thinner  and  rarer,  the  higher  we  afeend.  This 
fluid  body  of  air  is  extremely  light,  being  at  a  mean 
denfity  8co  times  lighter  than  water.  It  is  likewife 
extremely  elaftic,  as  the  leaft  motion  excited  in  it, 
js  propagated  to  a  great  diftance.  It  is  likewife  in- 

vifible. 
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Fig.  vifible,  its  existence  being  only  fenfible  from  the 
n,  effects  it  produces. 

Air  is  fo  neceffary  to  the  life  of  man  and  other 
jiving  creatures,  that  no  animal  on  the  earth  can 
live  without  ip  If  any  animal  is  deprived  of  this 
breath  of  life,  it  inftantly  dies.  And  even  if  the 
lame  air  be  breathed  over  and  over  again,  it 
lofes  its  vivifying  fpirit,  and  becomes  ufelefs  •,  fo 
that  an  animal  breathing  fuch  air,  without  a  fup- 
ply  of  frefh  air,  will  die  in  a  very  little  time.  So 
neceffary  is  frefh  air  to  the  life  of  animals,  that 
there  is  no  living  without  it ;  and  to  be  deprived  of 
it,  is  immediate  death. 

Air  is  like  wife  the  vehicle  of found ;  and  this  ari- 
fes  from  its  elafticity.  For  a  body  being  ilruck  or 
put  into  any  tremulous  motion,  communicates  the 
lame  to  the  air,  which,  by  its  great  fubtilty  and 
elaflicity,  is  fufceptible  of  any  motion.  This  mo¬ 
tion  is  then  conveyed,  from  that  body  thro5  the  in¬ 
termediate  fpace,  to  the  ear,  where  it  flrikes  the 
tympanum ,  and  excites  the  like  motion  in  the  audi¬ 
tory  nerve,  and  gives  the  fenfation  of  found  *,  and 
particular  motions,  thus  excite  particular  forts  of 
found.  One  fort  is  difeourfe,  another  is  mu fic  and 
harmony,  and  another  difcord  and  noife,  &c. 

To  this  fubtle,  elaific,  property  of  the  air,  is 
owing  that  peculiar  privilege  we  enjoy  above  all 
other  creatures,  that  we  can  converfe  with  one  a- 
npther.  For  by  the  help  of  articulate  found,  thus 
conveyed  to  the  ear  of  another  perfon,  we  can  at 
the  fAme  time  convey  to  him  our  thoughts  and  fen- 
timents  *,  and  he  reciprocally  can  return  his.  And 
thus  we  can  converfe  with  one  another  on  all  forts 
of  fubj eels  with  extreme  eafe  and  delight.  So  that 
this  property  of  the  air,  is  entirely  the  caufe  and 
origin  of  that  noble  four  of  hearing ;  and  of  that 
ineftimable  faculty  c-f  c  mverfation.  They  that  are 
deprived  of  the  ienlc  of  hearing  are  in  a  milerable 

condition  ; 
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condition  ;  and  efpecially  if  they  have  been  always  Fig. 
in  that  ftate.  For  people  born  deaf  are  quite  deftft  1  j, 
tute  of  any  language,  as  they  cannot  be  acquainted 
with  any  fort  of  words ;  and  confeqnently  all  their 
other  faculties  will  be  almoft  ufelefs  to  them. 

Another  property  of  the  air  is,  that  it  is  expanded 
by  heat,  and  condenfed  or  contracted  by  cold  *,  and 
from  hence  is  the  origin  of  winds.  The  wind  is  a 
current  or  ftream  of  air  moving  from  one  place  to  a- 
nother ;  and  the  principal  caufe  thereof,  is  the  heat 
of  the  fun.  This  heat  acting  upon  fome  part  of 
the  air,  caufes  it  to  expand  and  grow  lighter,  con- 
fequently  it  muft  afcend,  whiift  the  air  adjoining, 
which  is  denfer  and  heavier,  will  prefs  forward  to¬ 
wards  the  place  where  it  is  rarified  and  afcend ing, 
to  keep  up  the  equilibrium  *,  and  that  motion  of  the 
air  conftitutes  the  wind.  Hence  in  any  place  where 
the  wind  blows  the  air  is  ratified  and  lighter,  as  is 
evident  from  the  falling  of  the  barometer  in  high 
winds.  As  the  air  is  by  its  own  nature  extremely 
fluid,  it  yeilds  to  any  the  lead:  motion  exerted  on 
it,  and  therefore  it  is  hardly  ever  at  reft,  or  conti¬ 
nues  any  confiderable  time  in  fuch  a  ftate.  As  the  fun 
moves  from  eaft  to  weft,  it  ratines  the  atmofphere 
as  it  goes  round  the  earth  ;  and  hence  in  the  torrid 
zone,  the  motion  of  the  wind  is  from  eaft  to  weft. 

In  the  heat  of  the  day  gentle  breezes  blow  from  the 
fea  to  the  land,  becaufe  the  earth  is  more  heated 
than  the  fea,  and  rarifies  the  air  over  it.  Several 
other  caufes  may  likewife  concur  to  the  production 
of  winds,  as  hot  exhalations,  rarefadtion,  or  deft 
cending  of  clouds,  or  any  thing  that  condenfes  the 
air. 

Tho’  a  great  deal  of  mifchief  is  fometimes  done 
by  high  winds  and  tempefts ;  yet  the  wind  is  ex¬ 
ceedingly  ufeful  in  the  affairs  of  life,  as  long  as  it 
keeps  within  due  bounds.  Without  fhe  wind  there 
would  be  no  navigation,  and  without  navigation 

there 
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tig*  there  would  be  no  trading  from  one  country  to  ana- 
1 1#  ther,  and  confequently  no  commerce,  no  merchan- 
dize.  Nor  would  it  be  poffible  to  get  from  one 
country  to  another  far  diftant  country.  The  wind 
alfo  clears  the  air,  and  rids  it  of  thefe  noxious  va¬ 
pours  that  are  fo  prejudicial  to  our  health,  and  the 
caufes  oi  almoft  all  didempers.  And  thus  by  keep¬ 
ing  the  air  in  continual  motion  it  keeps  it  pure  and 
wholefome.  A  ftrong  wind  will  move  through  10 
yards  in  a  iecond.  And  a  temped  will  run  over 
45  miles  in  an  hour. 

Another  property  of  the  air  is,  that  it  is  capable 
of  lufpending  thefe  vapours  from  which  rain  is 
generated.  For  the  fun’s  heat  ratifying  the  parti¬ 
cles  of  water,  and  transforming  them  into  vapour 
thefe  vapours  being  fpeciftcally  lighter  than  the  at¬ 
mofphere  *,  they  will  afcend,  till  they  come  at  fuch 
a  region  of  the  air,  where  the  fpecinc  gravity  is 
the  lame.  There  they  will  remain  in  the  form  of 
clouds ;  where  being  toifed  to  and  fro  with  the  wind, 
they  will  at  length  be  reduced  to  fmall  particles  or 
drops  of  water,  and  afterwards  into  larger  drops, 
which  then  defcend  in  .  mid,  dew,  or  rain. 
Hence  without  the  air  we  ihould  have  no  vapours, 
no  clouds,  no  rain  ;  and  confequently  no  produce 
from  the  ground.  And  the  earth  would  be  nothing 
but  a  ufelefs,  dry,  barren  heap  of  matter,  unca- 
pable  of  producing  any  fruit  for  the  fupport  of 
our  lives. 

From  the  fluid  nature  of  the  air  it  likewife  fol¬ 
lows,  that  the  atmofphere  mud  alfo  be  fubject  to 
the  difturbing  forces  of  the  fun  and  moon  and 
therefore  thefe  forces  will  generate  a  tide  of  air, 
or  the  flux  and  reflux  of  the  atmofphere,  twice  in 
2  5  hours,  after  the  fame  manner,  and  for  the  fame 
reafon,  as  they  caufe  the  flux  and  reflux  of  the  oce¬ 
an.  And  confequently,  thefe  tides  of  the  atmo¬ 
fphere  mud  be  bigger  at  the  full  and  change,  and 
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at  that  time  raife  a  fenfible  commotion  in  the  at- Fig. 
mofphere,  which  at  thofe  times  may  fenfibly  affedt  n. 
valetudinarians  and  weak  conflitutions. 

2.  As  to  the  furface  of  the  earth,  it  is  not  per- 
feaiy  fmooth  and  even,  but  is  every  where  in- 
terfperfed  with  hills ,  mountains ,  rallies ,  rivers ,  &c. 

If  the  earth  was  perfeaiy  level,  there  could  be  no 
fuch  thing  as  any  rivers,  for  no  water  can  How,  but 
from  a  higher  to  a  lower  place  ^  and  therefore  upon 
level  ground  it  could  not  run  away ;  the  rain  that 
falls  in  any  place  mult  always  remain  there,  till  it 
finks  into  the  earth  or  be  dried  up ;  in  fome  pla* 
ces  it  would  Hand  and  putrify,  and  fill  the  air  with 
unwholefome  fleams  and  vapours.  The  face  of  na¬ 
ture  having  no  variety,  would  have  no  beauty,  and 
would  appear  with  no  pleafmg  afpect.  On  the  con¬ 
trary,  experience  fhews  us  that  all  countries  abound 
with  mountains  and  rivers,  which  is  not  only  the 
greatefl  ornaments  thereof,  but  the  moil  advanta¬ 
geous  for  the  inhabitants.  Upon  plain  ground,  a 
man’s  profpedl  is  very  much  limited,  but  from  the 
top  of  a  hill  or  mountain  a  large  profpedl  lies 
open  to  his  fight.  Here  he  can  view  with  pleafure 
cattle  feeding  on  the  hills,  rivers  running  in  the 
vallies,  the  vail  variety  of  trees  and  plants  with 
which  the  ground  is  enriched,  and  all  the  houfes, 
towns,  caflles,  &c.  that  are  placed  there,  for  a 
great  many  miles.  This  makes  a  grand  appear¬ 
ance,  and  gives  a  juft  idea  of  the  extent  and  beauty, 
of  nature.  The  mountains  by  their  height  fecure 
the  vallies  from  cold,  from  winds  and  tempdls 
and  by  keeping  them  warm,  make  them  fruitful ; 
whilfl  the  rivers  by  their  turnings  and  windings  be¬ 
come  ufeful  to  many  places. 

As  all  rivers  are  upon  the  defcent,  therefore  in 
going  from  the  mouth  of  a  river,  the  ground  mufl 
continually  rife  from  the  fea,  all  the  way  to  the 
fpring  head.  And  therefore  the  longer  any  river 
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Ig.  is,  the  higher  the  ground  will  be  at  the  head  of  it. 
ii.  And  therefore  fuppofing  for  every  mile  a  defeent 
of  2  feet ;  in  fuch  a  river  as  the  Danube ,  which  runs 
thro’  more  than  800  miles  of  ground,  the  fpring 
head  will  be  more  than  500  yards  above  the  level 
of  the  fea  t  and  the  mountains  will  be  hill  higher. 
So  that  the  middle  of  any  continent  mull  always 
be  a  great  deal  higher  than  the  fea  coafts. 

That  there  has  always  been  mountains  from  the 
beginning,  is  as  certain  as  that  there  has  always 
been  rivers.  For  they  were  as  neceffary  at  firft  for 
every  purpofe,  as  they  are  at  prefent.  Alfo  all 
mountains  and  high  places  have  always  been  de- 
creafing  and  growing  lower.  For  rivers  running 
near  mountainous  places,  do  by  degrees  eat  away 
the  feet  of  them,  where  parts  of  them  being  under¬ 
mined,  tumble  into  the  river,  and  are  wafhed  down 
the  firearm  Rain  falling  on  the  tops  of  mountains 
wafh  away  the  loofe  parts,  and  undermine  the  fo- 
lid  parts  which  in  time  will  tumble  down.  Thus 
old  buildings  on  the  tops  of  mountains  are  obferved 
to  have  their  foundations  laid  bare,  by  the  gradual 
wafhing  away  of  the  earth ;  and  at  laft  fall  down. 
In  plains  and  vallies  we  find  it  quite  contrary. 
For  the  matter  wafhed  down  from  the  high  places, 
fill  up  the  low  places,  which  by  that  means  are 
railed  higher.  Whence  it  is,  that  ancient  houfes 
built  in  vallies  feem  to  have  funk  a  great  way  into 
the  earth,  occaiioned  by  the  earth  being  railed  high¬ 
er  than  at  firft.  For  the  fame  reafon  a  deal  of  the 
mud,  fiime,  land,  and  earth,  that  is  continually 
wafhed  down  from  the  higher  places  into  the  rivers, 
is  carried  down  by  theie  rivers*,  by  which  means 
the  mouths  of  the  rivers  are  by  degrees  choaked 
up,  to  the  great  detriment  of  navigation  \  and  at 
the  fame  time  a  part  of  this  fand  and  rubbifh  is 
carried  into  the  fea.  Upon  the  whole,  as  the  high¬ 
er  parts  are  always  dcfcending,  and  the  lower  parts. 


Sea.  I.  GEOGRAPH  Y. 

.filling  up  and  riling,  the  earth  is  continually  ap-3 
proaching  to  a  level,  tho*  by  very  (low  degrees. „ 

In  former  times  many  mountains  were  covered 
with  large  and  thick  woods,  which  flickered  them  and 
the  adjoining  plains  from  the  rigour  of  the  cold. 
In  later  times,  men  having  much  occafion  for  tim¬ 
ber,  for  the  building  of  houfes  and  (hips,  &c.  have 
cut  mod  of  them  down  *,  and  large  woods  are  not 
fo  common  now  as  in  former  times.  It  is  obferved, 
that  trees  thrive  bed  and  grow  larged,  where  there 
is  plenty  of  heat  and  plenty  of  moifture. 

As  to  the  height  of  mountains  there  are  various 
accounts.  The  ancients  reckoned  their  heights  a 
great  deal  more  than  they  really  are,  making 
fome  of  them  many  miles  high.  But  later  ob- 
fervations  have  (hewn  us,  that  few  or  none  of  them 
are  above  3  miles  high.  Th spike  of  Tenerife  one 
of  the  Canary  iflands,  has  been  meafured  tozi  miles. 
And  Snowden  hill  to  of  a  mile.  It  is  extremely 
cold  on  the  tops  of  all  mountains,  even  under  the 
equinoctial ;  for  the  tops  of  them  are  for  the  mod 
part  covered  with  fnow  $  except  it  be  in  fuch  of 
them  as  have  any  Volcano's  within  them.  And 
thefe  Volcano’s  are  generally  in  fome  mountain,  as 
that  in  mount  Etna,  mount  Vefuvius ,  &c.  It  has 
been  obferved,  that  there  are  mountains  in  the  moon 
3  times  as  high  as  any  on  the  earth. 

3.  We  have  already  fhewn,  that  the  fea  together 
with  the  earth  makes  one  globe,  that  it  ebbs  and 
flows  twice  in  near  25  hours,  that  it  fund  flies  mat¬ 
ter  for  vapours  and  rain.  But  it  is  like  wife  of  in¬ 
finite  fervice  to  trade  and  commerce  :  for  if  all  the 
globe  was  earth,  it  would  be  impoffible  to  trade 
to  far  didant  countries.  Such  long  journies.  could 
not  be  performed  by  land ;  much  Ids  could  any 
traffic  be  carried  on,  or  any  goods  tranfported  to 
or  from  places  iofar  didant ,  all  which  is  now  done 
by  dripping,  with  incredible  eafe.  So  that  if  there 
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Fig.  was  do  fea  to  fail  on,  there  would  be  no  fhips  to 
ii.  fail*,  and  confequently  no  trading  to  foreign  parts 
in  any  kind. 

The  faltnefs  of  the  ocean  is  the  peculiar  proper¬ 
ty  of  fea  water.  Flow  it  comes  by  fuch  a  quality 
has  been  a  matter  of  difpute.  Dr.  Halley  is  of  o- 
pinion^  that  it  may  acquire  that  property  gradually. 
For  he  imagines  the  fea  was  frdh  at  firft,  but  by 
the  rivers  running  into  it,  and  carrying  with  them 
fuch  faline  particles,  as  they  have  imbibed  from 
the  earth,  they  palled  thro®  *5  thefe  particles  of  lalt 
are  then  deposited  in  the  fea,  where  they  mull  re¬ 
main  ♦,  for  nothing  evaporates  from  the  fea  but  frefh 
water.  So  that  the  faltnefs  will  continually  increafe, 
as  long  as  the  rivers  keep  running  into  it.  This  is 
his  opinion,  or  rather  his  hypothefis,  which  he 
propofes  to  have  tried.  Others  imagine,  that  there 
are  a  great  number  of  rocks  of  ialt  difperfed  thro* 
the  earth  at  the  bottom  of  the  fea,  and  from  thefe 
rocks  it  acquires  its  faltnefs.  But  whatever  be  the 
caufe,  the  fa£t  is  fo  *,  and  this  quality  may  ferve  to 
keep  the  water  of  the  fea  pure  and  good,  to  which 
the  motion,  by  the  ebbing  and  flowing  of  it,  may 
contribute.  . 

Another  property  of  fea  water  is,  that  when 
it  is  abfolutely  fait  it  never  freeze th.  This  proper¬ 
ty  is  proved  by  manifold  experience  *,  and  is  faid  to 
arlfe  from  fomething  of  a  hot  fpirituous  naturfe 
which  is  contained  in  the  fait.  In  the  north  feas, 
failors  frequently  meet  with  huge  rocks  and  iilands 
of  ice.  But  thefe  don’t  confift  of  fait  water  frozen  ; 
for  they  frequently  get  large  pieces  of  the  ice,  and 
thaw  it,  and  always  find  it  frdh,  which  therefore 
they  take  for  the  life  of  the  fhips.  This  ice  there¬ 
fore  Is  frozen  in  the  rivers,  and  in  fummer  when  a 
thaw  comes,  the  ice  is  all  earned  down  the  rivers, 
and  driven  into  -great  heaps,  where  they  float  in 
the  fea,  as  the  failors  find  them,  it  may  be  oh- 
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ferved,  that  fea  water  is  denfer  and  heavier  than  Fig. 
frefh  water  j  which  is  owing  to  the  fait  it  is  preg-  11. 
nant  with. 

To  find  out  a  pafTage  to  the  Eafl  Indies  by  the 
north  eafl,  or  north  well,  has  long  been  wifhed  for, 
and  often  attempted,  but  without  any  fuccefs  *,  for 
the  quantities  of  ice  that  flq'at  up  and  down  in  the 
northern  feas,  makes  the  navigation  very  dangerous, 
and  the  fea  almofl  impafTable.  And  this  fee  ms  to 
make  it  improbable  that  there  is  any  fuch  pafTage  to 
be  found.  For  great  quantities  of  ice,  argue  great 
quantities  of  frefh  water,  and  thefe  denote  great 
rivers,  and  thefe  again  denote  a  large  extent  of 
land.  And  therefore  if  there  be  any  fuch  pafTage, 
it  is  only  thro’  Tome  narrow  flraits  ;  and  consequent-  / 
ly  could  be  of  little  ufe  if  known  •,  fince  in  that  4 
part  of  the  world,  fuch  ftraits  mufl  almofl  always 
be  blocked  up  with  the  ice,  which  would  render 
fuch  a  pafTage  either  ufelefs  or  very  dangerous. 
Hence  it  will  he  the  bed  way  for  thofe  that  would 
attempt  fuch  a  voyage,  to  endeavour  to  get  into 
an  open  fea,  where  there  is  no  ice,  and  purfue 
their  voyage  therein  as  far  as  they  can  ;  for  then 
they  may  be  allured  they  are  far  from  land.  But 
thefe  heaps  of  ice  are  certain  figns  of  an  adjoining 
country. 

Concerning  the  iflands  every  where  difperfed 
thro*  the  fea,  we  fhall  fpeak  afterwards  •,  as  like- 
wife  of  the  feverai  continents,  and  the  countries  they 
contain. 

4.  As  to  the  internal  farts  of  the  earth,  we  are 
not  fo  well  acquainted  with  thefe,  as  with  the  exter- 
i  nai.  For  it  is  but  a  very  little  way  we  can  penetrate 
!  into  it,  to  make  any  observations.  In  the  digging 
i  or  working  of  mines,  we  meet  with  all  forts  of 
earths,  loom,  marl ;  all  forts  of  {tones,  as  pebbles, 
freeflone,  marble,  alabafter,  fpar,  fiate,  chalk  ; 
alfo  land,  clay,  coal ;  oars  of  all  forts  and  metals, 
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Fig  gold,  filver,  lead,  iron,  copper,  tin  all  forts  of 
i  i,  minerals,  nitre,  fulphur,  fait,  alum,  boles,  oker, 
vitriol,  borax,  cinnabar,  antimony,  arfenic,  bif- 
muth,  bezoar,  and  infinite  others  which  are  con¬ 
tained  in  the  body  of  the  earth,  fometimes  pure,  and 
fometimes  mixt. 

All  thefe  different  forts  of  fubftances  within  the 
earth,  are  difpofed  of  in  certain  layers,  beds,  or 
ftrata,  which  compofe  the  body  of  the  earth  ;  each 
kind  in  its  own  bed.  In  fome  places,  they  are  feat- 
ed  nearly  according  to  their  fpecific  gravities  ;  in 
.others  not  at  all  fo,  but  lye  in  a  very  confufed  order. 

/In  feveral  parts  of  the  earth,  there  are  found 
■(hells  reiembling  the  fliells  of  fifhes,  and  their  bones, 
and  likewife  vegetables,  fometimes  very  deep  in 
the  ground.  As  to  the  fliells  of  fifhes,  fome  are  of 
opinion  that  they  have  been  brought  there  at  the 
time  of  the  Rood,  when  all  things  were  in  a  flate  of 
confufion,  and  promifcuoufly  mixt  with  any  other 
bodies  that  happen  to  be  there;  and  that  they  have 
lain  there  ever  fince.  Others  fuppole  that  thefe 
fliells  are  generated  in  the  beds  wherein  they  are- 
found,  and  that  the  earth  may  be  as  fit  for  the  pro¬ 
duction  of  fuch.  bodies  as  the  lea.  And  this  feems 
to  be  confirmed  from  the  fubftance  of  the  fliells 
being  the  very  fame  with  the  fubftance  of  the  {tone, 
or  other  bodies  they  adhere  to  •,  and  likewife  of  the 
fame  fpecific  gravity  therewith  ♦,  which  would  not 
be  fo,  if  thefe  were  real  fliells.  Some  people  will 
likewife  have  fuch  trees  as  are  buried  deep  under 
ground,  to  have  laid  there  ever  fince  the  Rood, 
a  thing  quite  improbable,  and  the  more  fo,  becaufe 
other  reafons  may  be  afligned  for  their  coming 
there  ;  as  has  been  proved  in  feveral  inftances  be¬ 
yond  contradiction. 

5.  The  furface  of  the  earth  is  not  only  made  ha- 
-  bitable,  but  enriched  with  all  forts  of  herbs,  plants, 
fruits,  roots,  &c.  neceffary  for  the  life  and  fupport 

of 
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of  all  animals,  of  which,  man  is  the  principal.  Fig, 
Upon  this  earth  we  are  born,  we  live,  and  we  die,  1 1 . 
it  is  our  deftined  habitation.  When  we  are  born, 
the  earth  like  a  tender  mother  receives  us  into  her 
lap ;  fhe  feeds  and  cloaths  us  whilft  living  •,  and  at 
laft  kindly  receives  us  again  into  her  bofom,  and 
covers  us,  where  we  reft  till  the  diffolution  of  all 
things. 

The  animals  that  inhabit  the  earth  are  divided  in¬ 
to  four  general  kinds.  1.  Men.  2.  Beafts,  thefe 
are  reckoned  land  animals.  3.  Birds,  whole  ele-  *• 
ment  is  the  air.  4.  Fillies,  which  dwell  in  the 
fea  or  element  of  water.  To  thefe,  if  you  pleale, 
you  may  add  all  the  tribes  of  infedts.  The  feverai 
forts  of  animals  are  lb  well  known  as  to  need  no  de- 
fcription  of  mine  •,  and  befides  I  am  not  writing  a 
book  of  natural  hiftory,  but  a  mathematical  trea- 
tife. 

PROP.  XXL  Prob. 

Po  give  account  of  fuch  remarkable  charges  as  have 
happened  to  the  earth  in  feverai  ages  of  the  world. 

That  the  earth  has  undergone  feverai  changes 
and  alterations,  all  hiftory  will  teftify.  To  pais 
by  fuch  changes  as  happen  by  the  defcending  of 
the  earth,  from  the  hills,  and  filling  up  the  val- 
lies,  and  flopping  the  mouths  of  rivers  and  fuch 
like  matters,  which  are  gradual,  and  much  the 
fame  in  all  ages,  and  natural  to  the  earth  :  1  think, 
the  more  remarkable  changes  may  be  reduced  to 
two  general  caufes,  and  thefe  are  floods  and  earth¬ 
quakes. 

1.  As  to  floods,  there  have  been  three  remarka¬ 
ble  ones  recorded  in  hiftory.  The  firft  and  moft 
terrible  is  that  of  Noah ,  which  is  laid  to  have  over¬ 
flowed  the  whole  earth,  and  drowned  all  the  living 
creatures  thereon,  except  fuch  as  faved  themfelves 
in  an  ark.  Concerning  the  caufe  of  this  flood, 
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Fig.  fome  fuppofe  it  brought  about  by  natural  caufes  ^ 
ix.  and  others,  by  nothing  lefs  than  a  divine  power. 
Thefe  that  are  for  natural  caufes,  imagine  a  comet 
to  have  paffed  near  the  earth  at  that  time  ;  and  by 
its  approach,  to  have  raifed  a  very  ftrong  tide, 
which  would  increafe  as  the  comet  approached  the 
earth.  The  effedb  of  this  would  be,  that  this  great 
tide  would  lay  all  places  under  water  ;  and  would 
confequentiy  drown  all  the  inhabitants  fo  far  as  it 
reached.  That  fuch  a  caufe  of  this  is  capable  of 
producing  this  difmal  effeCt,  is  very  evident.  For 
if  fo  fmall  a  body  as  the  moon,  at  the  diftance 
of  60  of  the  earth’s  femi-diameters,  be  able  to  raife 
a  ftrong  tide  in  the  ocean,  of  1 2  or  1 5  feet  high  *, 
a  comet  as  big  as  the  earth,  and  coming  very  near 
it,  would  raife  a  prodigious  tide,  capable  of  over¬ 
flowing  all  that  fide  of  the  earth  which  is  next  to 
the  comet,  and  alfo  the  oppofite  fide.  But  then 
this  could  not  drown  all  places  at  once  ;  for  at  the 
quadratures,  or  in  thofe  places,  which  have  the 
comet  in  their  horizon,  they  would  have  as  great 
an  ebb.  But  then  it  would  have  this  effect,  to  over¬ 
flow  and  drown  all  places  fucceffively.  For  this 
huge  fphercid  of  water,  always  pointing  towards 
the  comet,  would  by  the  earth’s  rotation  pafs  over 
all  the  countries  of  the  world  ;  and  therefore  in  the 
ipace  of  24  hours,  the  whole  earth  would  be  in¬ 
volved  in  water,  and  all  animals  as  effectually  def* 
troyed  as  if  the  water  (laid  1 50  days  upon  the  earth ; 
efpeciallv  as  the  earth  muff  needs  make  feveral  ro- 
rations  after  this  manner,  before  it  could  get  clear 
of  this  difturbing  force  of  the  comet.  The  natu¬ 
ral  and  neceffary  effedl  of  all  this  would  be,  that  by 
fuch  a  prodigious  and  rapid  motion  of  this  vaft  bo¬ 
dy  of  water  round  the  earth  in  24  hours,  all  plants 
and  trees  muff  be  torn  up  by  the  roots,  and  car¬ 
ried  along  with  the  current ;  all  buildings  demoliffi- 
ed  ;  the  rocks,  hills  and  mountains  dafhed  in  pieces, 

and 
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and  tom  away,  all  the  produdt  of  the  fea,  as  Fig. 
fifhes,  fheJls,  teeth,  bones,  &c.  carried  along  with  n. 
the  flood,  and  thrown  uporf  the  earth,  or  even  to 
the  tops  of  mountains,  proiftifcuoufly  with  other 
bodies  •,  hardly  any  thing  could  be  found  drong 
enough  to  withdand  its  force.  In  fuch  a  cafe  as 
this  it  would  be  impoflible  for  any  ark  to  live  (be 
preferved)  at  fea,  or  the  dronged  man  of  war  that 
ever  was  built.  The  like  vad  tides  would  alfo  be 
raifed  in  the  atmofphere,  attended  with  the  molt 
violent  commotion  of  all  the  body  of  air  ;  the  con- 
fequence  whereof  would  be  continual  rains.  In 
this  cafe  no  place  of  fafety  could  be  found  for  any 
animals,  except  they  had  the  good  luck  to  be  upon 
fuch  a  high  mountain  as  was  without  its  reach. 

Thofe  that  fuppofe  the  water  to  be  over  all  the 
face  of  the  earth  at  once,  are  forced  to  call  in  the 
power  of  omnipotence  to  effecd  it  •,  for  it  is  a  thing 
impoflible  by  any  natural  caufe,  to  produce  fuch  an 
effect.  Therefore  in  order  to  preferve  mankind  and 
other  animals,  God  was  pleafed  to  order  an  ark  to  be 
built,  to  contain  a  few  of  every  fpecies  of  animals, 
which  were  afterwards  to  replenifh  the  earth.  As 
this  ark,  with  its  contained  animals,  was  to  fwim 
upon  the  water  of  the  deluge,  all  the  time  of  its 
overflowing  the  earth ;  it  was  neceflary  that  this 
flood  of  water  fhould  be  perfedtly  calm,  and  free 
from  all  dorms  and  tempeds.  For  if  the  ark  came 
to  be  tofled  about  in  a  tempeftuous  and  raging  fea, 
or  deluge  of  water ;  from  its  drudture  and  magni¬ 
tude,  it  mud  inevitably  periih,  with  all  its  freight 
of  animals.  But  I  believe  it  would  be  a  perplexing 
affair  to  make  out  how  fuch  a  tumultuous  concourfe 
of  water  fhould  be  fo  very  quiet  and  dill,  lo  clear 
of  winds,  dorms  and  tempeds,  as  is  here  required. 

And  if  this  was  granted,  it  would  dill  be  equally 
difficult  to  account  for  another  phenomenon  ;  that 
is,  how  all  fhells  and  marine  bodies,  Ihruld  be 
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Fig.  thrown  upon  the  land,  or  even  to  the  tops  of  moun- 
1 1.  tains  by  fuch  a  ftill  water  ;  and  many  of  them  bu¬ 
ried  deep  in  the  earth  ;  this  effedf  is  not  at  all  re- 
concileable  with  fuch  a  fuppofition.  Therefore  it 
does  not  appear  that  both  thefehypothefes  can  be  true. 
For  the  calm  fea,  neceffary  for  preferving  the  ark, 
could  move  none  of  the  fhells  ;  and  the  rough  fea, 
necelTary  for  tranfporting  the  fhells,  would  deftroy 
the  ark.  The  reconciling  thefe  things  is  not  eafy  j 
and  perhaps  here,  as  in  other  fuch  cafes,  our  only 
refuge  is,  when  we  are  pinched  with  any  difficulty, 
to  cry  out  for  a  divine  power.  Yet  the  Almighty 
generally  brings  about  his  purpofes  by  natural 
caufes.  But  be  that  as  it  will,  it  is  certain,  that 
Tome  time  or  other  this  earth  has  fuffered  a  mod  vR 
olent  fhock,  concuffion  or  agitation  by  fome  caufe 
or  other,  unknown  to  us  5  but  which  manifeftly 
appears  by  its  effects. 

The  next  flood  wre  have  an  account  of,  is  that  of 
Ogyges  \  this  flood  overflowed  all  Attica ,  a  country 
in  Greece  joining  to  the  Mediterranean.  This  flood 
happened  in  the  time  of  Ogyges,  who  was  king 
thereof,  and  dwelt  in  Thebes ,  a  city  of  his  own 
building.  This  country  is  a  part  of  what  is  now 
called  Achaia ,  being  a  part  of  Greece . 

The  next  remarkable  flood  was  that  of  Deucalion^ 
celebrated  by  the  poets,  efpecially  by  Ovid,  This 
flood  overflowed  all  1 theffaly ,  where  Deucalion  was 
king.  This  country  of  Thejfaly  is  a  part  of  Greece , 
and  joins  upon  the  fea. 

Befides  thefe  floods,  there  is  no  doubt  but  great 
floods  have  happened  in  other  countries ;  but  the 
people  being  ignorant  of  the  ufe  of  letters,  no  ac¬ 
count  thereof  is  tranfmitted  to  us.  All  thefe  floods 
muft  needs  make  great  havock  and  devaflation  in 
all  the  countries  where  they  happen  ;  by  demoli fir¬ 
ing  towns,  plants,  trees  ;  by  beating  and  wafhing 
down  mountains  and  levelling  the  low  grounds  ^ 
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by  filling  up  the  channels  of  rivers,  and  changing  Fig. 
their  courfes;  by  covering  all  the  country  with  n. 
flime  and  mud,  and  giving  a  new  face  to  the 
earth;  by  breaking  off  part  of  a  country,  and  re¬ 
ducing  it  to  an  ifland  ;  and  by  inundations  breaking 
into  the  land  and  forming  gulphs  therein.  Thus 
fome  have  fuppofed  that  Sicily  has  been  divided 
from  Italy  ;  Spain  from  Barbary ;  and,  as  fome  fay5 
England  from  France . 

The  violence  of  the  wind  alfo  much  increafes  r 
the  depth  and  turbulent  motion  of  a  flood,  efpe- 
cially  in  fucii  inundations  as  proceed  from  the  fea. 
Thus  high  winds  and  tempefts  frequently  caufe  the 
fea  to  tranfcend  its  ordinary  bounds,  and  trefpafs 
on  the  land,  to  the  great  lofs  and  danger  of  the 
inhabitants.  Thus  it  happened  in  Zealand  and 
Holland ,  where  feveral  towns  with  multitudes  of 
people  were  {wallowed  up  by  the  fea ;  occafioned 
by  the  violence  of  the  north  wefterly  winds. 

Several  inundations  or  floods  have  alfo  happened 
in  Egypt,  by  the  overflowing  of  the  Nile,  as  is 
reported  by  feveral  hiftorians,  and  the  like  in  a 
great  many  other  places. 

2 .  Earthquakes  are  another  great  caufe  of  the 
changes  made  in  the  earth,  and  the  defolation  of 
feveral  places,  to  the  ruin  of  the  inhabitants.  An 
earthquake  is  a  violent  fhaking  of  fome  large  part 
of  the  earth,  fuppofed  to  be  caufed  by  a  nitrous 
and  fulphureous  vapour  included  in  the  bowels  of 
the  earth,  which  by  fome  accident  taking  fire  pro¬ 
duces  an  expiofion,  wTich  occafions  thefe  terrible 
motions  and  fhocks  of  the  earth  at  that  time.  The 
firing  thefe  fulphureous  vapours,  may  be  owing  to 
their  fermentation,  or  to  the  falling  of  rocks  and 
{tones  within  the  hollow  places  of  the  earth,  and 
linking  fire  againft  one  another. 

Thunder  and  lightening  arifies  much  from  the 
fame  caufe,  for  the  nitro- fulphureous  vapours,  ex- 
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•  haling  out  of  the  earth,  and  floating  about  in  the 
air,  at  lad  by  their  fermentation  take  fire,  and  pro¬ 
duces  that  dreadful  exploflon  called  Thunder. 

The  violence  of  earthquakes  is  fometimes  lb  great 
as  to  fplit  and  tear  the  earth,  and  caufe  it  to  open 
for  many  miles  •,  gaping  at  the  exit  of  the  ignified 
vapour,  and  cloflng  again  after.  And  fometimes 
tearing  and  disjoining  the  ground,  fo  that  after  the 
fnock,  it  imfnediately  finks  ^  and  thus  a  hill  or  a 
mountain  is  fometimes  reduced  to  a  great  pool  of  wa¬ 
ter  or  a  lake.  After  this  manner  feveral  confiderable 
trails  of  land,  with  the  cities  and.  towns,  plants 
and  trees,  have  been  fwallowed  up,  and  totally 
funk. 

The  llrength  of  this  confined  vapour  is  fo  great, 
that  it  foices  up  Hones,  water,  earth,  and  all  things 
that  fall  in  its  way,  with  a  very  great  impetuofity, 
calling  them  fometimes  to  immenfe  diftances.  In 
this  manner  they  are  thrown  out  of  the  mouths  of 
Volcano's ,  or  any  place  where  the  inflamed  vapour 
can  find  vent,  or  break  open.  And  from  the  heat 
of  the  inflamed  vapour,  which  forces  out  thefe  bo¬ 
dies,  they  are  all  of  them  alfo  heated  and  inflamed 
thereby ;  fo  that  flames  of  fire  are  fometimes  feen 
to  proceed  out  of  the  earth,  with  great  quantities 
of  melted  metal  or  metalline  fubftances  Great 
floods  of  this  kind  are  generally  thrown  out  of 
burning  mountains. 

When  this  happens  in  a  place  feated  underneath 
the  fea?  the  motion  of  the  earth  below,  puts  the 
fea  into  horrible  tumult,  making  it  rage  and  roar, 
with  a  hideous  noife,  railing  its  furface  into  prodigi¬ 
ous  waves,  which  are  rolled  and  tolled  about  in  a 
furious  manner,  oyerfetting  and  finking  fhips,  or 
throwing  them  on  the  land.  By  this,  the  fea  is 
raifed  far  above  its  ordinary  height,  and  deprefled 
again  as  far  below.  And  thus  it  continues  in  the 
moll  extreme  agitation,  till  the  hot  vaporous  mat- 


Sea.  I.  GEOGRAPHY.  73 

ter  be  all  fpent  and  difcharged  ;  and  then  the  earth-  Fig. 
quake  ceafes,  till  a  frefh  colleftion  of  this  fulphu-  n. 
reous  vapour  produces  another.  And  this  fulphu- 
reous  vapour  difcharged  into  the  atmofphere  may 
furnifh  matter  for  thunder  and  lightening  ;  as  they 
are  both  generated  from  the  fame  caufes,  and  re¬ 
quire  the  fame  matter  for  both  to  work  upon. 

The  ihock  of  an  earthquake  is  always  felt  at  the 
fame  moment  in  all  places,  tho’  it  has  fometimes 
been  known  to  reach  many  hundred  miles *,  and  al- 
tho’  the  feverai  places  be  parted  by  the  fea  lying 
between  them. 

Mountainous  countries  are  the  mo  ft  fubjeft  to 
earthquakes  j  for  mountains  are  commonly  ftony 
and  hollow  within,  and  therefore  fit  to  receive  thefe 
vapours  ;  and  particularly  fuch  places  as  contain  a 
great  deal  of  fulphur  and  nitre,  are  of  all  others 
the  moil  lubjedt  to  earthquakes,  and  generally  fuf- 
fer  moft  thereby.  Such  combuftible  matter  taking 
fire  will  burn  for  a  long  time,  and  fend  out  vaft 
flames  with  a  horrid  noife,  as  is  frequent  in  mount 
Etna  and  Vifuvius ,  and  ali  fuch  places.  And  thefe 
Volcano’s  are  of  ufe  for  difcharging  the  matter,  and 
preventing  worfe  confequences. 

Earthquakes  are  far  more  frequent  than  great 
floods  ^  not  one  age  pafies  without  feverai  inftan- 
ces  of  this  fort,  with  their  direful  effects,  fuch  as 
finking  of  towns  and  mountains,  as  happened 
lately  at  Lijbon.  The  changing  the  land  into  fea ; 
and  the  fea  into  land,  by  throwing  up  new  iilands 
where  none  appeared  before.  And  by  fuch  events 
as  thefe,  the  face  of  the  earth  mull  be  continually 
changing,  and  mull  be  quite  altered  from  what  it 
was  many  ages  ago. 

Other  lmaller  changes  I  pafs  by,  fuch  as  the  al¬ 
teration  made  in  the  furface  of  the  earth  by  culti¬ 
vation,  the  cutting  down  woods,  inclofing  ground*, 
building  of  towns  and  cities  j  as  likewife  the  de- 
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Fig.  vaftation  made  by  armies,  by  the  invafion  of  conn- 
ii.  tries  ;  where  many  beautiful  places  have  been  laid 
wafte,  towns  burnt  and  depopulated,  and  innume¬ 
rable  fuch  like  accidents  ;  all  which  help  to  give  a 
different  afpedt  to  almoft  all  countries  upon  the 
earth. 

Befides  the  changes  already  mentioned,  moft 
places  have  changed  their  original  names  *,  fo  that 
our  modem  geographical  defcriptions  or  maps 
hardly  give  us  any  region  under  the  fame  name, 
by  which  it  was  known  in  former  times.  And  this 
has  occafioned  great  controverfy  and  difpute  about 
ciiverfe  countries  mentioned  by  ancient  writers  ; 
and  not  only  countries,  but  cities  and  towns  have 
loft  their  original  names,  and  at  prefent  go  under 
other  names.  And  all  this  may  be  in  great  mea- 
fure  owing  to  the  conquefts  made  by  one  nation 
making  war  againft  another.  For  by  this  means 
the  boundaries  of  countries  have  been  quite  chan¬ 
ged,  fometimes  by  tearing  a  part  from  one  country 
and  throwing  it  to  another,  or  throwing  feveral  of 
them  into  one,  or  dividing  one  country  into  feveral 
parts.  And  the  conquerors,  either  not  knowing  or 
not  liking  the  old  names,  of  towns  and  countries, 
impofed  other  of  their  own.  Thus  the  ancient 
Scythia  is  now  called  Tartary,  What  was  Thrace  is 
now  Romania ,  what  was  Libya  is  now  Tripoli ,  or  a 
part  of  Barbary .  Achaia  is  now  Lividia.  Cyrene 
is  Barca.  As  to  towns,  Athens  is  become  Settines. 
Berenice  is  Suez .  Leopolis  is  Lemberg .  Olympia  is 
Longinico ,  Pramefie  is  now  Palejlrina.  Sufa  is 
Sc  bonder.  Sparta  is  Mifttra.  Delphos  is  Livadia . 
Pelufium  is  Damietta ,  and  numbers  of  others. 
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PROP.  XXIL  Prok 

o  Jhew  the  divifion  of  the  earth  into  its  fever al 
kingdoms  and  countries . 

The  defcription  of  the  feveral  countries  of  the 
world  is  the  leaft  part  of  my  bufinefs,  as  belong¬ 
ing  more  to  an  hiftorian  than  a  mathematical  wri¬ 
ter  ;  yet  I  fhail  here  give  a  fhort  account  of  each 
country,  and  how  it  is  fituated ;  without  which  it 
is  hardly  poflible  to  underftand  any  thing  of  hifto- 
ry.  And  to  have  a  right  notion  of  any  place,  of 
its  fituation,  and  extent,  the  geographer  ought  to 
furnifh  himfelf  with  maps  of  each  country,  which 
will  fliew  him  at  once  all  thefe  particulars,  as  alfo 
what  cities,  towns,  caftles,  rivers,  bridges,  moun¬ 
tains,  and  other  remarkable  things,  are  contained 
in  it ;  and  without  fuch  maps  we  have  very  faint 
ideas  of  any  nation  or  country. 

The  earth  is  generally  divided  in  four  quarters, 

1  Europe .  g  Africa . 

2  Afia.  4  America . 

But  this  divifion  is  very  imperfect ;  for  there  are 
vaft  trails  of  land  under  both  the  poles,  not  yet 
difcovered,  and  which  belong  to  none  of  thefe 
four  divifions.  Therefore  taking  in  thefe  two  po¬ 
lar  regions,  the  earth  is  more  properly  divided  in¬ 
to  fix  general  parts,  which  will  take  in  the  whole 
earth  whether  land  or  fea; 

1.  EUROPE,  is  bounded  on  the  north  partly  or 
wholly  by  the  frozen  fea  *,  on  the  fouth,  by  the 
Mediteranean  fea,  on  the  weft  by  the  Atlantic  oce¬ 
an,  and  on  the  eaft  by  the  rivers  Tanais,  Oby, 
and  Volga,  which  laft  falls  into  the  Euxine  fea.  In 
defcribing  the  feveral  countries,  I  fhail  begin  with 
the  north  parts,  and  proceed  to  the  fouth. 

Sweden . 
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Fig/ 

1 1 .  Sweden. 

This  country  is  contained  between  the  n.  lati¬ 
tudes  60  and  72,  and  longitudes  30  and  56  from' 
Ferro.  It  is  bounded  on  the  eaft  by  Mufcovy ,  on 
the  weft  with  Norway ,  on  the  north  with  the  Fro¬ 
zen  fea>  on  the  fouth  by  Denmark  and  the  Baltic 
fea. 

It  is  divided  into  the  provinces  Finmark ,  Lap - 
land ,  Sweedland ,  Finland ,  Gothland ,  Livonia ,  and 
the  Swedifh  iftands. 

Norway. 

It  is  contained  between  the  n.  latitudes  60  and 
68,  and  longitudes  30  and  38.  It  is  bounded  on 
the  eaft  by  Sweden ,  on  the  weft  by  the  weft  fea ,  on 
the  north  by  the  frozen  fea^  and  on  the  fouth  by  an 
arm  of  the  weft  fea. 

Denmark. 

Contained  between  54  and  57  degrees  of  n.  lat. 
and  between  30  and  35  degrees  of  longitude.  It 
contains  Jutland ,  and  the  iftands  Zealand ,  Funen , 
&c.  Jutland  is  bounded  on  the  fouth  by  Germany  \ 
on  the  other  fides  by  the  fea. 

Mufcovy  or  Ruftia . 

This  is  a  large  country,  extending  from  the  n. 
lat.  45  to  71  ;  and  between  the  long,  of  48  and 
107.  It  is  bounded  on  the  eaft  by  Fart  ary ,  on 
the  weft  by  Sweden ,  on  the  north  by  Lapland  and 
the  Frozen  ocean ,  on  the  fouth  by  Poland  and  the 
Cafpian  and  Euxine  feas.  It  ftands  partly  in  Europe 
and  partly  in  Afia  ;  it  is  divided  into  the  provinces 
of  Trines ,  Kargapolia ,  Divina ,  Condor  a,  Siberia , 
Obdora ,  Vologda ,  Cafan,  Mordowitz ,  Kifinovogrod \ 
Volodimar ,  Mofcow ,  Jftracan ,  Novogrod ,  JVelikiy; 
Plefkow ,  Severia ,  and  many  more. 
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This  is  an  ifland,  and  contains  England  and 
Scotland  ♦,  it  is  contained  between  the  n.lat.  50  and 
59,  and  long,  14  and  22.  It  is  divided  into  a  great 
many  counties  or  (hires;  and  there  are  a  great 
number  of  fmall  iflands,  lying  to  the  north  and 
north  weft  thereof. 

Ireland . 

This  is  alfo  an  ifland  on  the  weft  fide  of  Great 
Britain,  and  is  contained  between  the  n.  lat.  5 1  and 
56 ;  and  long.  9  and  14 ;  which  is  alfo  divided  in¬ 
to  feveral  counties. 

Germany . 

This  lies  between  latitude  45  and  55,  and  long. 
26  and  39.  It  is  a  large  country,  and  confifts  of 
many  provinces,  dukedoms,  circles,  &c.  It  is 
bounded  on  the  eaft  with  Prujfia ,  Poland ,  and 
Hungary ,  on  the  weft  with  France ,  on  the  north  by 
Denmark  and  the  Baltic  fea ,  on  the  fouth  by  Italy . 
It  contains  on  the  north,  Holland ,  Flanders ,  Weft- 
phalia,  Lower  Saxony ,  Upper  Saxony.  In  the  mid¬ 
dle,  Lower  Rhine ,  Upper  Rhine ,  Franconia .  Oa 
the  fouth,  Suabia ,  Bavaria ,  Auftria. 

By  fubdivihon  Holland  contains  Zealand » 
Utrecht ,  Zutphen ,  Over-IJfel,  Friejland ,  Groningen . 
And  Flanders  contains  Gelderland ,  Brabant ,  Lux - 
embourge ,  Limb  our ge,  Artejia ,  Hannonia ,  Namur . 
Weftphalia  contains  Oldenbourg ,  Hoy  a ,  Diepholt , 
Schomberg, ,  Embden ,  Lingen ,  Tecklenburg ,  Ravenf- 
burg ,  Bent  hem ,  Munfter ,  Xi/> ,  Mark,  Berge ,  Cleves, 
fullers .  Lower  Saxony  contains  Holftein ,  Lawen - 
burgy  Mecklenburg ,  Bremen ,  Verden,  Lunenburg, , 
Brunfwick ,  Halberftat,  Magdeburg,  Upper  Saxony 
contains  Mifnia ,  Thuring,  Brandenburg ,  Pomera¬ 
nia,  &c,  but  the  fubdivifions  of  thefe  countries  are 
endlefs. 


Prujfia . 


Prujfia . 

This  extends  from  lat.  51  to  53,  and  long.  35 
to  45  ;  it  is  bounded  on  the  eaft  by  Poland ?  on  the 
weft  by  Germany ?  on  the  north  by  the  Baltic ,  on 
the  fouth  by  part  of  Poland . 


Saxony . 

Bounded  on  the  north  by  Prujfia ?  on  the  fouth 
by  Bohemia ?  on  the  eaft  by  Poland ?  and  weft  by. 
Germany . 

Bohemia . 


Bounded  on  the  eaft  by  Poland ?  on  the  weft  by 
Germany ?  on  the  north  by  Saxony?  on  the  fouth  by 
Hungary . 

Silejia . 

Bounded  on  the  north  by  Brandenburg ?  on  the 
fouth  by  Hungary ?  on  the  eaft  by  Poland?  on  the 
weft  by  Bohemia . 

Poland . 


Bounded  on  the  eaft  by  Rujfia ?  on  the  weft  by 
Silejia ?  on  the  north  by  Prujfia ?  on  the  fouth  by 
Hungary . 

Hungary . 


This  country  extends  from  45  to  49  deg.  n.  lat. 
and  from  the  long.  34  to  41.  It  is  bounded  on  the 
eaft  by  Pur  key ,  on  the  weft  by  Germany ?  on  the 
north  by  Poland?  on  the  fouth  by  Turkey. 


France. 

This  country  is  contained  between  the  n.  lat.  43 
and  51,  and  long.  14  and  28.  It  is  bounded  on 
the  eaft  by  Germany ,  on  the  weft  by  the  Atlantic 
Ocean?  on  the  north  by  the  Englijh  Channel?  on  the 
fouth  by  Spain  and  the  Mediterranean  Sea . 


Spain . 
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Spain . 

It  is  contained  between  the  n.  lat.  36  and  45, 
and  long.  10  and  23.  It  is  bounded  on  the  eaft  by 
the  Mediterranean ,  on  the  weft  by  Portugal  and  the 
Atlantic  Ocean ,  on  the  north  by  France  and  the  Bay 
of  Bifcay ,  on  the  fouth  by  the  Atlantic  Ocean  and 
part  of  the  Mediterranean . 

Portugal 

Bounded  on  the  eaft  by  Franc on  the  weft  by 
the  Atlantic  Ocean ,  on  the  nortF  by  Spain ,  on  the 
fouth  by  the  Atlantic  Ocean . 

Italy . 

This  is  contained  between  the  n.  lat.  38  and  47, 
and  long.  27  and  41.  It  is  bounded  on  the  fouth 
and  eaft  by  the  Mediterranean  Sea ,  on  the  north  by 
Germany  and  Switzerland 9  on  the  weft  by  France  and 
the  Mediterranean . 

Switzerland . 

Bounded  on  the  north  and  eaft  by  Germany ,  on. 
the  fouth  by  fita/y,  on  the  weft  by  France » 

Turkey* 

This  is  contained  between  37  and  49  deg.  of 
n.  lat.  and  38  and  55  deg.  of  longitude.  It  contains 
Greece ,  Little  Fartary ,  and  part  of  Hungary ,  and 
many  provinces  befides.  It  is  bounded  on  the 
eaft  by  the  Euxine  Sea ,  on  the  weft  by  the  Gtdph 
of  V enice ,  on  the  north  by  Hungary ,  on  the  fouth 
by  the  Mediterranean. 

Ifiands  in  Europe . 

The  principal  are  the  Orkney s,  the  Shetland  hies, 
and  Weftern  ifiands  near  Scotland.  The  Hie  of 
Man,  Angkfeyy  and  ifle  of  Wight ,  near  England. 

Jerfey 
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Fig.  Jerfey ,  Guernftey ,  Alderney ,  near  France.  The 
Ji*  iflands  Rugen,  Bornholm ,  Oeland ,  Gothland ,  Oefal , 
Dago,  Aland ,  Zealand ,  Funen ,  Langland, 

Laland ,  Fulftar ,  Mona.  Femeren ,  near  Den¬ 

mark  and  Sweden.  Alfo  Carmen ,  Hitteren ,  Sanien , 
Suray,  near  Norway,  and  an  infinite  number  of 
fmaller  ones. 

The  Azores  or  wefiern  iflands ,  lying  weft  from 
Spain,  being  9  in  number  ^  they  are  St.  Michael , 
St.  Maria ,  Fercera ,  Gratiofa ,  St.  George ,  Pico , 
Fyal,  Flores ,  Cuervo. 

Iflands  in  the  Mediterranean,  are  Toica,  Majorca , 
Minorca ,  lying  near  Spain.  Corfu  a ,  Sardinia ,  *SV- 
r/7y  and  Malta ,  near  Italy.  Candia  near  Greece, 
Cyprus  near  Syria  in  Afia ;  and  a  vaft  number  of 
fmall  ones  near  Greece  in  the  Archipelago. 

2.  A  SI  A,  is  bounded  on  the  eaft  by  the  Eaftern 
fea ,  on  the  weft  by  Europe  and  the  Red  fea ,  on  the 
north  partly  by  the  Frozen  fea ,  on  the  fouth  by  the 
Indian  Ocean. 

Siberia. 

This  country  reaches  from  n.  latitude  50  to  68, 
and  from  the  long.  105  to  170.  It  is  bounded  on 
the  eaft  by  the  japan  Ocean ,  on  the  weft  by  Ruffia , 
on  the  north  by  the  Frozen  fea v  on  the  fouth  by 
Fartary.  This  is  a  wild,  barren,  cold  country, 
and  thinly  inhabited,  and  under  the  emperor  of 
Ruffia. 

Fart  ary. 

This  wfas  anciently  called  Scythia  \  it  reaches 
from  40  to  60  deg.  of  n.  latitude,  and  from  56  to 
180  longitude.  It  is  bounded  on  the  north  by  6T 
on  the  fouth  by  FVr/hz  and  China,  on  the  eaft 
by  the  Eaftern  Ocean,  on  the  weft  by  Ruftia. 

Fur  key. 

Contained  between  the  n.  latitude  30  and  45, 
and  long.  56  and  78.  It  is  bounded  on  the  eaft 
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by  Perfidy  on  the  weft  by  the  Archipelago ,  on  the 
north,  by  the  Euxine  fea ,  on  the  fouth,  by  the  Me¬ 
diterranean  and  Arabia .  Natolia  and  Syria  are  two 
provinces,  and  Phoenicia ,  Judea ,  Mejopotamia ,  ^r- 
menia,  AJJyria ,  Chaldea ,  &V. 

Arabia . 

Th  is  is  contained  between  the  n.  lat.  12  and  3  r , 
and  55  and  76  of  longitude.  It  is  bounded  on  the 
eaft  by  Perfia  and  the  Perfian  Gulph ,  on  the  weft  by 
the  Red  Sea ,  on  the  north  by  Turkey,  on  the  fouth 
by  the  Indian  Ocean . 

Perfia . 

This  country  reaches  from  n.  lat.  26  to  44,  and 
long.  73  and  100.  It  is  bounded  on  the  eaft  by 
on  the  weft  by  Armenia ,  on  the  north  by 
Rufiia  and  the  Cafpian  Sea ,  on  the  fouth  by  the 
Arabian  Sea  and  Perfian  Gulph .  This  country  is 
under  Kouli  Kan ,  or  the 

India. 

This  lies  between  n.  lat.  8  and  40,  and  long.  92 
and  130.  It  is  bounded  on  the  eaft  by  China  and 
the  Sea ,  on  the  weft  by  Perfia  and  the  Indian  Sea , 
on  the  north  by  Tartary ,  on  the  fouth  by  the  Indian 
Sea.  This  is  under  the  great  Mogul . 

China . 

It  lies  from  n.  lat,  20  to  41,  and  long.  1 18  and 
140.  It  is  bounded  on  the  north  by  Tart  ary,  on 
the  fouth  and  eaft  by  the  Sea ,  on  the  weft  by  India 
and  Tartary.  The  north  part  of  the  country  is  de¬ 
fended  by  a  ftrong  wall  1500  miles  long, 

IJlands  in  Afia. 

Tedfo  or  JeJfio ,  and  Japan ,  both  lying  eaft  '  of 
T artary  ;  theie  are  two  large  iflands.  The  Phil 
\  G  lipitii 
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.  lipine  iflands,  Sunday  ifles ,  the  Molucca  iflands,  alfo 
Borneo ,  Sumatra ,  Javay  Ceylon ,  in  the  Indian  fea, 
with  an  infinite  number  of  fmaller  ones,  as  the 
Ladrone  ifles,  and  a  duller  of  iflands  lying  far  eafl. 

Alfo  feveral  parts  of  countries  not  yet  fully  dis¬ 
covered,  as  land  of  Compania  near  Tedfo ,  New  Gui - 
nea,  and  Carpentaria  near  the  Molucca  iflands,  and 
New  Holland  more  to  the  weft. 

3.  AFRICA. 

Is  bounded  on  the  eafl  by  the  Red  Sea  and  the 
Indian  Ocean ,  on  the  well  by  the  Ethiopic  Ocean ,  on 
the  north  by  the  Mediterranean  Sea ,  and  on  the 
fouth  by  the  Southern  Ocean . 

Barbary . 

This  country  extends  from  n.  lat.  25  to  35,  and 
from  long.  4  to  52.  It  is  bounded  on  the  eafl  by 
Egypt ,  on  the  well  by  the  Atlantic  Ocean ,  on  the 
north  by  the  Mediterranean  Sea ,  and  on  the  fouth 
by  Mount  Atlas  and  Numidia .  It  comprehends  the 
kingdoms  of  Morocco ,  /fe,  tfelenfm*,  Algiers ,  Tunis  y 
Tripoli ,  and  or  Cyrene. 

• 

It  is  extended  from  n.  lat.  21  to  30,  and  from 
long.  52  to  63.  It  is  bounded  on  the  eafl  by  the 
Red  to,  on  the  weft  by  Numidia ,  on  the  north  by 
the  Mediterranean  Sea ,  on  the  fouth  by  Nubia  and 
Abifinia . 

Numidia  or  Bildulgerid. 

This  is  comprehended  between  n.  lat.  22  and  33, 
and  long.  2  and  55.  It  is  bounded  on  the  eafl  by 
Egypt)  on  the  weft  by  the  Atlantic  Ocean ,  on  the 
north  by  Barb  ary,  on  the  fouth  by  the  defart  of 
Zaara .  The  eaftermoft  part  joining  to  Egypt  was 
anciently  called  Lybia . 


Zaaraf 
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Zaara ,  or  the  Defart. 

It  reaches  from  n.  lat.  21  to  28,  and  from  long. 
2  to  50.  It  is  bounded  on  the  eaft  by  Egypt  and 
Nubia ,  on  the  weft  by  the  Atlantic  Ocean ,  on  the 
north  by  Numidia ,  on  the  fouth  by  Negrotand. 
It  contains  a  part  of  ancient  Lybia. 

Negroland . 

It  is  contained  between  the  n.  lat.  10  and  23, 
and  long,  o  and  42.  It  is  bounded  on  the  eaft  by 
Nubia ,  on  the  weft  by  the  Atlantic  Ocean ,  on  the 
north  by  Zaara ,  on  the  fouth  by  Guinea . 

Nubia. 

This  is  fituated  between  the  n.  lat.  9  and  23,  and 
longitude  42  and  57.  It  is  bounded  on  the  eaft  by 
Ethiopia ,  on  the  weft  by  Zaara  and  Negroland „ 
on  the  north  by  Egypt  and  Numidia ,  on  the  fouth 
by  Ethiopia ,  and  is  reckoned  by  fome  to  be  a  part 
of  it. 

Abiffinia . 

This  reaches  from  n.  lat.  2  to  12,  and  long.  50 
to  72.  It  is  bounded  on  the  eaft  by  the  Red  Sea 
and  Indian  Ocean ,  on  the  weft  by  Nubia  and  the 
Defarts ,  on  the  north  by  Egypt ,  on  the  fouth  by 
Ethiopia.  The  JV/7*  has  its  rife  from  a  lake  in  the 
middle  of  this  country. 

Guinea. 

This  is  contained  between  the  n.  lat.  4  and  12, 
and  long.  3  and  30.  It  is  bounded  on  the  eaft  by 
Ethiopia ,  on  the  weft  by  the  Atlantic  Ocean ,  on  the 
north  by  the  Great  River ,  which  parts  it  from  Ne¬ 
groland ,  on  the  fouth  by  the  Ethiopic  Ocean .  The 
inhabitants  of  this  country  are  quite  black. 

G  2 
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»  '  '  • 

Ethiopia. 

» 

This  is  a  vaft  country,  reaching  from  12  deg.  n. 
lat.  to  33  degrees  f.  lat.  and  from  long.  28  to  66. 
It  is  bounded  on  the  eaft,  fouth  and  weft  by  the 
Ethiopic  Ocean ,  on  the  north  by  Nubia  and  Abijftnia . 
It  contains  a  great  many  provinces  and  kingdoms. 
In  this  country  are  the  Mountains  of  the  moon,  lying 
in  10  degrees  of  fouth  latitude.  At  the  fouth  point 
of  it,  is  the  country  of  the  Hottentots . 

IJlands  in  Africa. 

...  • 

* 

'Madeira  lying  weft  of  Morocco.  The  Canaries , 
lying  weft  of  Numidia  •,  they  are  7  in  number,  the 
principal  are  T 'enerif  for  its  high  mountain  ^  and 
Ferro ,  from  which  longitude  is  reckoned,  being  the 
weftermoft,  and  about  the  lame  longitude  with 
Cape  Blanco ,  or  the  weftermoft  part  of  the  conti¬ 
nent.  The  Cape  de  Verd  Iflands ,  being  10  in  num¬ 
ber,  lying  near  Cape  Verd ,  in  Negro  land.  St.  Ma¬ 
th  es,  Afcenflon ,  St.  Helena ,  in  the  Ethiopic  Ocean. 
And  the  large  iftand  Madagafcar  lying  eaft  of  Ethi¬ 
opia ,  and  the  Comore  Iflands  alfo  eaft  of  Ethiopia 
in  the  Indian  Sea .  And  befides,  many  fmall  ones. 

4.  AMERICA. 

* 

Is  bounded  on  the  eaft  by  the  Atlantic  Ocean , 
on  the  weft  by  the  great  South  Sea ,  on  the  north  by 
lands  unknown ,  on  the  fouth  by  the  Southern  Ocean. 

New  Wales. 

A  country  lying  on  the  weft  of  Hudfori s  Bay,  be¬ 
tween  the  n.  lat.  51  and  64,  and  long.  278  and  298. 
It  joins  to  Canada  on  the  fouth,  on  the  north  and 
weft  upon  unknown  countries. 

-  Labrador. 

This  country  reaches  from  n.  lat.  50  to  63,  and 
Jong.  297  and  323.  It  is  bounded  on  the  eaft  by 

the 
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the  Atlantic  Ocean ,  on  the  north  and  weft  by  Hud -  Fig. 
fen's  Bay ,  on  the  fouth  by  Canada  and  the  River  St , 
Laurence .  This  is  alfo  called  iWw  Britain  and  £/- 
quimaux . 

Canada. 

It  reaches  from  n.  lat.  45  to  53,  and  long.  287 
and  306.  It  is  bounded  on  the  eaft  by  the  River 
St.  Laurence ,  on  the  north  by  Labrador ,  on  the 
weft  bw  unknown  countries.  This  is  alfo  called 
New  France . 

Nova  Scotia. 

It  is  contained  between  n.  lat.  44  and  50, 
and  long.  309  and  315.  It  is  bounded  on  the  eaft 
by  the  Gulf  of  St.  Laurence ,  on  the  north  by  the 
River  St.  Laurence ,  on  the  weft  by  New  England , 
on  the  fouth  by  the  Sea, 

New  England . 

It  is  contained  between  the  n.  lat.  41  and  46, 
and  long.  305  and  31 1.  It  is  bounded  on  the  eaft 
and  fouth  by  the  Sea ,  on  the  north  by  Canada,  on 
the  weft  by  New  York.  This  contains  Maffachufets, 
New  Hampfhire ,  Connecticut,  Rhode  Ifiand ,  andi 
Providence . 

New  York . 

It  is  bounded  on  the  eaft  by  the  Sea,  on  the  weft 
by  the  Iroquois  or  5  nations,  on  the  north  by  New 
England,  on  the  fouth  by  New  Jerfey. 

New  Jerfey. 

This  is  bounded  on  the  eaft  by  the  Sea,  on  the 
weft  by  Penfilvania ,  on  the  north  by  New  York, 
on  the  fouth  by  the  Sea.. 

1 

Penfilvania . 

It  lies  between  39  and  42  deg.  of  n  .lat.  and  295 
and  303  of  long.  It  is  bounded  on  the  eaft  by  De- 

G  3  law  are 
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Fig.  Jaware  River  ^  on  the  weft  by  fome  part  of  Canada , 
on  the  fouth  by  Maryland . 

’  V  ■  .  <■'  ...  .  .  /  ■ .  ;■ 

Maryland. 

It  is  bounded  on  the  eaft  by  the  Sea ,  on  the  weft 
by  the  Apaluchian  Mountains ,  on  the  north  by  Fen- 
filvania^  on  the  fouth  by  Virginia . 

Virginia . 

This  is  bounded  on  the  eaft  by  the  Sea 9  on  the 
weft  by  Louifiana ,  on  the  north  by  Maryland ,  on 
the  fouth  by  Carolina . 

Carolina. 

It  lies  between  31  and  36  n.  lat.  and  between 
292  and  303  of  longitude.  It  is  bounded  on  the 
eaft  by  the  Sea ,  on  the  weft  by  Louifiana ,  on  the 
north  by  Virginia ,  on  the  fouth  by  part  of  Florida 
and  the  Sea.  On  the  fouth  part  of  this  country  is 
Georgia . 

Louifiana. 

It  is  contained  between  n.  lat.  30  and  42,  and 
long.  278  and  288.  It  is  bounded  on  the  eaft  by 
the  river  Mijffippi ,  on  the  weft  by  New  Mexico ,  on 
the  north  by  the  Inland  countries 3  on  the  fouth  by 
the  Gulph  of  Mexico . 

New  Mexico  or  Granada. 

It  reaches  from  n.  lat.  23  to  45,  and  from  long. 
200  to  245.  It  is  bounded  on  the  eaft  by  Louifia - 
na ,  on  the  weft  by  the  Sea ,  on  the  north  by  countries 
unknown,  on  the  fouth  by  the  South  Sea.  It  in¬ 
cludes  California  and  New  Albion. 

Old  Mexico. 

This  country  reaches  from  n.  lat.  7  to  26;  and 
from  long.  258  to  297.  It  is  bounded  on  the  eaft 

by 
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by  the  Gulph  of  Mexico ,  on  the  weft  and  fouth  by  Fig. 
the  South  Sea ,  on  the  north  by  New  Mexico.  It 
contains  a  great  many  provinces.  It  is  alfo  called 
New  Spain. 

Florida. 

The  end  of  the  peninfula,  which  lies  fouth  of 
Florida  ;  it  is  contained  between  the  n.  lat.  24  and 
30,  and  long  293  and  296.  It  is  all  environed  with 
the  fea,  except  on  the  north,  where  it  joins  upon 
Georgia.  All  thefe  belong  to  North  America  j  the 
following  belong  to  South  America . 

Terra  Firma. 

It  extends  from  the  equator  to  12  deg*  n.  lat.  and 
from  long.  298  to  330.  It  is  bounded  on  the  eaft 
by  the  Atlantic  Ocean ,  on  the  weft  by  the  South  Sea> 
on  the  north  by  the  North  Sea ,  on  the  fouth  by  Pe¬ 
ru  and  Amazonia.  It  is  divided  into  many  pro¬ 
vinces. 

Peru . 

It  extends  from  3  degrees  f.  lat.  to  25,  and 
from  long.  261  to  3  18.  It  is  bounded  on  the  eaft 
by  Amazonia ,  on  the  weft  by  the  South  Sea ,  on  the 
north  by  Terra  firma ,  on  the  fouth  by  Chili  and  Pe- 
ragua.  On  the  eaft  fide  are  the  Cordileer  mountains. 

It  alfo  confifts  of  feveral  provinces. 

Amazonia. 

It  extends  from  the  equator  to  1 6  deg.  f.  lat.  and 
from  long.  308  to  328.  It  is  bounded  on  the  eaft 
by  Brafilia ,  on  the  weft  by  Peru ,  on  the  north  by 
Terra  firma ,  on  the  fouth  by  Peragua.  This  coun¬ 
try  is  wholly  unknown. 

Brafilia . 

It  extends  from  f.  lat.  1  to  33,  and  from  long. 

324  to  342.  It  is  bounded  on  the  eaft  by  the  At- 

G  4  lantic 
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Fig.  lantic  Ocean ,  on  the  weft  by  Amazonia  and  Paraguay 
on  the  north  by  Terra  firma  and  the  Sea ,  on  the 
fouth  by  the  Sea  and  the  river  Plate ,  It  confifts  of 
many  provinces. 

Paragua . 

This  country  reaches  from  f.  lat.  12  to  37 ;  and 
from  long.  308  to  336.  It  is  bounded  on  the  eaft 
by  Brafilia ,  on  the  weft  by  Chili,  on  the  north  by 
Amazonia ,  on  the  fouth  by  Patagonia.  It  is  alfo 
called  La  Plata.  It  contains  feveral  provinces. 

Chili. 

This  country  lies  on  the  weft  coaft  of  America. 
It  extends  from  f.  lat.  25  to  45,  and  from  long.  295 
to  305.  It  is  bounded  on  the  eaft  by  Paragua ,  on 
the  weft  by  the  South  Sea ,  on  the  north  by  Peru , 
on  the  fouth  by  Patagonia .- 

Patagonia . 

This  is  the  fouthermoft  part  of  America.  It 
extends  from  f.  lat.  35  to  54,  and  long.  295  to  320. 
It  is  bounded  on  the  eaft  by  the  Atlantic  Ocean ,  on 
the  weft  by  Chili ,  on  the  north  by  Paragua ,  on  the 
fouth  by  the  Straits  of  Magellan.  It  is  alfo  called 
Terra  Magellanic  a.  This  country  is  very  little  known. 

American  IJlands. 

Newfoundland  lying  in  the  Gulph  of  St.  Laurence , 
a  large  iftand,  and  Cape  Breton  more  to  the  fouth. 
Bermudas  eaft  of  Carolina ,  Bahama  iflands  \  Antilles 
ijlandf ,  the  greateft  being  Cuba,  Hifpaniola ,  and 
Jamaica,  and  Porto  Rico .  The  Lucayas  iftes,  the 
Charihbe  iftes  ;  all  thefe  are  eaft  of  the  Gulph  of  Mex^ 
ico.  The  Sotovento  iftes  along  the  n.  coaft  of  Terra 
firma.  Among  thefe  there  is  an  infinite  number  of 
very  fmall  iflands. 

Terra  del  Fuego ,  on  the  fouth  end  of  America , 

a  large 
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a  large  ifland  The  Gallip ago s  iflands,  lying  weft  Fig. 

under  the  equinoaial.  And  the  ifies  of  Solomon  ly¬ 
ing  far  weft.  There  are  alfo  a  great  number  of 
iflands  lying  weft  from  Mexico,  difperfed  all  over  in 
the  South  Sea ;  and  likewife  feveral  up  and  down  in 
the  Atlantic  ocean,  far  from  any  continent. 

5.  REGION  S  about  the  North  pole.  To  this 
head  may  be  referred  Greenland ,  Friejland ,  Iceland , 
Spitzburg ,  and  whatever  countries  are  near  the 
north  pole,  not  yet  difcovered. 

6.  REGIONS  about  the  South  pole.  Van  Demen’s 

land ,  New  Zeeland ,  Drake’s  land ,  Cape  Circumcifion ,  * 
Bovet’s  land ,  Terra  auftralis .  But  not  one  place  is 
difcovered  near  the  pole.  / 

Scholium. 

Having  given  a  Ihort  defcription  of  all  the  known 
countries  of  the  world ;  it  cannot  be  amifs  to  infert  a 
table  of  the  latitude  and  longitude  of  places,  which, 
will  be  ferviceable  for  the  readily  finding  any  place 
we  want.  The  longitude  is  here  reckoned  from 
Ferro  •,  and  both  latitude  and  longitude  is  given 
only  in  whole  degrees ;  it  being  prefumed,  that  this 
will  be  near  enough  for  finding  out  any  place  upon 
a  globe  or  map. 


A  Table 


GEOGRAPHY. 


A  Table  of  the  latitude  and  longitude  of  places. 


A. 

lat. 

on. 

lat 

Ion. 

Aalberg,  Alberg 

57  n 

29 

Alenzon,  Alencon, 

18  f 

!9 

Aarhuus 

65  n 

3° 

Aleffio 

42  n 

40 

Aback,  Weltenburg 

49  n 

3  2 

Alexandria 

ia  r; 

5J 

Abakanlkoi 

53  n 

1 14 

Algeri 

l  l  r 

28 

Abalak 

57  n 

84 

Algiers 

37L 

23 

Abazkaia 

5on 

89 

Albania 

37  n 

24 

Abbeville 

50  n 

22 

Alicant 

3  8  r- 

17 

3° 

Abenrade,  Axenrade 

55  n 

3° 

Allendorf 

5 1 1?: 

Aberdeen 

57  n 

All  faints  bay 

12  { 

33* 

Abo 

60  n 

43 

Almeria 

37  n 

4 

A  by  das 

400 

47 

AlmifTa 

/T  ( 

44  n 

39 

Acapulto 

1 7  n 

276 

Almunecar 

37  n 

14 

Acerra 

41  n 

36 

Altamont 

40  n 

38 

Achen 

6  n 

1 14 

Altena 

54 11 

30 

Achyr 

5°n 

57 

Altenburg,  Owar, 

51  n 

33 

Acqs,  Aux,  Dax, 

43  n 

21 

Altorf 

49  n 

33 

Acquapendente 

45  n 

32 

Amadubat 

24  n 

92 

Acra 

5  n 

340 

Amadan,  Hamadan 

35n 

67 

Adon 

47  n 

29 

Amadia 

37  n 

63 

Adrianople,  An-  ) 

42  n 

46 

Amalfa 

41  n 

35 

drianople  J 

Amapalla 

12  n 

285 

Aerfchot 

5  m 

24 

Amafia 

42  n 

S6 

Agde 

Agen 

43  P 

44  n 

22 

>'  <  X 

»9 

Ambara,  Ambe-  1 
marjam  J 

!3n 

55 

Agra 

26  n 

99 

Amberg 

49  n 

3  2 

Agria,  Eger, 

43  n 

41 

Ambrun 

44  n 

26 

Ajazzo 

37  n 

57 

Amelia 

42  n 

33 

Aichdat 

49  n 

3 1 

Amiens 

50  n 

21 

Aigneperes 

45  n 

22 

Amphipolis 

42  n 

60 

Ailefbury 

52  n 

17 

Amlterdam 

52n 

24, 

Aix 

43  n 

24 

Anclam 

54  n 

34 

Aix  la  Chapelle 

5 1  n 

25 

Ancona 

43  n 

35 

Alaix,  Alais, 

44  n 

24 

Andernach 

50  n 

26 

Albano 

41  n 

33 

Andero 

43  n 

!3 

Albany 

43  n 

334 

Andrea 

43  n 

35 

Albarrazin 

40  n 

22 

St.  Andrews 

56n 

18 

Albemarle 

^on 

22 

Andujar,  Anduxar, 

38n 

24 

Albuquerquy 

39  n 

27 

Angelo 

41  n 

36 

Albaregalis 

47  n 

39 

Angelos 

19  n 

275 

Albert 

44  n 

l7 

Angerlbur£ 

54 11 

43 

Alby 

45  n 

20 

Angermund 

5 1  n 

26 

Alcazar,  Alcaraz, 

[3Sn 

'7 

Angers 

47  n 

18 

Alcudia 

40  n 

25 

Angol 

3811 

3co 

Aldborough 

52  n 

I  21 

Angolefme 

46  n 

18 

Aldenburg 

60  n 

I  32 

Angoura,  Anchira, 

41  n 

1  53 

Angra 
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1 

lat. 

Ion. 

lat.  j 

Ion. 

Angra 

39  n 

35° 

Aftracan 

47  n 

72 

Anna 

33  n 

62 

Ath,  Aeth 

5 1  n 

23 

Annan 

55  n 

18 

Athens 

38n 

44-1 

Anapolis 

39  n 

3°° 

Attock 

53  n 

92 

Annecy 

46  n 

26 

Avallon 

47  n 

23 

Anflo,  Obflo, 

59  n 

29 

Aubigne 

47  n 

22 

Anfpach 

49  n 

3° 

Auch 

44  n 

40 

Antiquera 

37  n 

13 

Aveiro 

40  n 

29 

Antibes 

43  n 

26 

Auglburg,  Aufburg 

48  n 

31 

Antioch 

36  n 

57 

St.  Auguftine, 

3on 

297 

Antivaxi 

38  n 

44 

Auguftow 

53  n 

43 

Antwerp 

51  n 

23 

Avignon 

43  11 

24 

Apenzel 

46  n 

29 

Avila 

41  n 

*35 

Aquilla 

42  n 

35 

Aviles 

43  n 

Aracan 

20  n 

1*3 

Autengabad 

ig{ 

95 

Aratico 

37  n 

300 

Aurich 

53  » 

2  6 

Arbela  ' 

35  n 

64 

A  u  (burgh 

48  n 

3i 

Arbon 

48  n 

29 

Autun 

47  n 

23 

Archangel 

64  n 

65 

Auxerra 

47  n 

22 

Arco 

46  n 

3° 

Axim 

5« 

16 

Ardenburg 

5 1  n 

23 

Axonne 

42  n 

24 

Ardra 

5^ 

24 

Axuma 

15  n 

50 

Arebon 

5  n 

25 

Ayamonte 

37  n 

12 

Aremburg 

50  n 

26 

Awlen 

49  » 

3° 

Arequippa 

17  n 

3°5 

Axel 

5 1  n 

23 

Arezzo 

43  n 

33 

Axipoli 

45  n 

5i 

Argenton 

46  n 

21 

B. 

Argun 

52  n 

1 24 

Babilon 

32  n 

64 

Arhufen 

56  n 

29 

Baca 

37  n 

16 

Arien,  Aire, 

co  n 

21 

Baccaflerai 

45  n 

55 

Arica 

18  f 

308 

Bacherak 

50  n 

27 

Aries  < 

43  n 

24 

Bachu 

40  n 

69 

Armagh 

54n 

14 

Badajox 

39« 

10 

Arlon 

49  n 

25 

Baden  (Swabia) 

49  n 

24 

Armentiers 

50  n 

22 

Baden  (SwiiTerland) 

47  n 

28 

Arnheim 

52  n 

25 

Baeza 

3811 

14 

Arona 

46  n 

28 

Bagdat 

33« 

63 

Aronches 

39  n 

44 

Bmguagar 

i6n 

97 

Arras,  Atrecht 

50  n 

21 

Bagnialuck 

44  n 

39 

Arundel 

5  1  n 

18 

Bahus 

58  n 

3 1 

Arzilla 

3611 

*5 

Baja 

47  n 

40 

Afaph 

53 n 

17 

Balbec 

33  n 

57 

Afchaffenburg 

$on 

29 

Balca 

37  n 

85 

Afcoli 

42  n 

36 

Balifore 

2 1  n 

IOC 

Afoph,  Afcw 

47  n 

64 

Bamberg 

50  n 

3 1 

Afti 

45  r 

28 

Bancalis 

2  n 

1 19 

Aftorga 

42  fi 

13 

Bancock 

i3n 

121 

Bandora 
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lat. 

I  on 

lat 

Ion. 

Ban  dors 

ion 

92 

Bertraud 

43 11 

18 

Bantam 

6n 

1 25 

Berwick 

56  n 

18 

Baracoa 

2i  n 

302 

Befancon 

47  n 

2  c 

Bararico 

j  i  n 

303 

Befiers 

43  n 

23 

Baranwahr 

46  n 

4i 

Beftertze,  Beftricia 

48  n 

42 

Barberino 

44  n 

32 

Bethlehem 

31  n 

56 

Barcelona 

40  n 

20 

Bethune 

Son 

22 

Barcelonetta 

44  n 

26 

Betlis 

37  n 

65 

Barcelor 

15  n 

94 

Bibrach,  Biberach 

48  n 

29 

Bardt 

55  n 

34 

Biel 

47  n 

27 

Bari 

41  n 

34 

Bielogrod 

47  n 

54 

Barleduc 

48  n 

25 

Bilboa 

43  n 

r4 

Barletta 

41  n 

38 

Bimlipatan 

18  n 

103 

Bafartfchick 

42  n 

44 

Bir 

35  n 

80 

Balil,  Bade 

48  n 

27 

Birkenfield 

5on 

26 

Baffaim 

ipn 

92 

Bifchweller 

49  n 

27 

Baftia 

4211 

3o 

Bidgnano 

40  n 

37 

Baftia 

38  n 

43 

Bifuagar 

140 

98 

Batavia 

61 

125 

Bitonli 

41  n 

38 

Bautzen,  Pautzem 

5  in 

34 

Blankenburg 

52  n 

3 1 

Bayonne,  Bajonne 

43  n 

l7 

Blavet 

47  n 

14 

Beaufort 

45  n 

26 

Blois 

48  n 

20 

Beauvais 

49  n 

21 

Blouits 

52  n 

41 

Beja 

38  n 

29 

Bochara 

40  n 

85 

Beichlingen 

5 1  n 

3  1 

Bodon 

45  n 

46 

Belcaflro 

39n 

37 

Boglio 

44n 

27 

Beleifora 

59  n 

6 1 

Bogoto 

4n 

3°4 

Belgrade 

45  n 

42 

Boifleduc 

5  2  n 

24 

Bellents 

460 

29 

Bologna,  Bologne 

44  n 

3 1 

Beller 

460 

25 

Bon 

50  n 

27 

Belluno 

46  n 

33 

Bona 

36  n 

28 

Beltz 

500 

45 

Bonifacio 

41  n 

29 

Belvedere 

37n 

42 

Bonneville 

46  n 

26 

Bencoolen 

4  f 

121 

Boppart 

5011 

27 

Benevento 

41  n 

37 

Borja 

420 

16 

Benguela 

1 1  f 

34 

Boffa 

39  n 

3° 

Benin 

7n 

2  5 

Bolfora 

3°n 

67 

Benfheim 

43  n 

29 

Bofion 

420 

306 

25 

Bentheim 

52P 

27 

Bouillon,  Bullion 

4611 

Bentivoglio 

3  2 

Bovino 

41  n 

36 

Berenice,  Fuez 

3011 

55 

Boulogne 

5  i  n 

2 1 

Bergamo 

45  n 

29 

Bourdeaux 

45  n 

18 

Bergen 

5o  n 

26 

Bourg 

4611 

25 

Bergen  op  Zoom 

j  *  n 

24 

Bourges 

47  " 

2  1 

Bergerac  t 

45 11 

*9 

Boxthude 

54  n 

29 

Berlin 

3  2  n 

34 

Bracciano 

42  n 

34 

Bern 

47  n  ' 

27 

Braga 

42  n, 
f 

81 

Ira- 

<9 
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lat. 

[on. 

lat.  1 

Ion. 

Braganza 

f  2  B 

12 

Calahorra 

4211 

16 

Brandenburg 

3  2  U 

33 

Calais 

5 1  n 

21 

Braflan 

56  n 

47 

Calcedon 

41  n 

59 

Breda 

52  n 

24 

Calenburg 

52  n 

30 

Bremen 

53  n 

28 

Calicut 

1 1  n 

95 

Breffcia 

45  n 

3 1 

Calmar 

57  n 

36 

Breflaw 

51  n 

37 

Cambaia 

12  n 

124 

Bred: 

48  n 

14 

Cambra 

5 1  n 

22 

Brefte,  Breflini 

52  n 

45 

Cambridge 

32n 

Bridgetown 

i3n 

3 1 9 

Campagna 

41  n 

35 

Brieg 

5 1  n 

37 

Campeachy 

i9n 

285 

Bril 

52  n 

24 

Candahor 

35n 

87 

Brin 

49  n 

36 

Candia 

3  s  n 

45 

Brifac 

48  n 

27 

Candy 

8n 

99 

Briilol 

5 1  n 

16 

Canterbury 

5  in 

20 

Brixen 

47  n 

3 1 

Canton 

23n 

132 

Bruges,  Brugge 

5 1  n 

22 

Cape  of  good  hope 

34  f 

40 

Brunfwick 

C2n 

3° 

Cape  bianco 

21  n 

0 

Bruflels 

5>n 

24 

Cape  verd 

1 5  n 

0 

Bucaw 

48  n 

29 

Capona 

41  n 

36 

Buchorn 

47  n 

29 

Cardonna 

41  n 

2 1 

Buckereft 

44  n 

47 

Carelfcroon 

56  n 

35 

Buckingham 

52  n 

17 

Carefen,  LafTeen 

i6n 

72 

Buda 

48  n 

40 

Cargapol 

63  n 

56 

Budoa 

42  n 

41 

Carlftadt 

45 n 

36 

Budweis 

49  n 

35 

Carmona 

37  n 

Buenos  Ayres 

36f 

3l8 

Carpentras 

44m 

25 

Bugia 

36n 

24 

Cars 

42  n 

64 

Bugie 

22n 

56 

Carthage 

36  n 

29 

Bulac 

3on 

52 

Carthagena 

37  n 

*7 

Bulgar 

5411 

71 

Carthagena 

ion 

301 

Burgos 

42  n 

13 

Carwar 

I5n 

93 

Burgow 

48  n 

3° 

C'afal,  Cazal 

45  n 

28 

Buric 

52n 

26 

Cafbin 

36n 

68 

Byghof 

S3  n 

5° 

Calhan 

34n 

70 

C. 

Cafiel 

5 1  n 

29 

Cabo 

45 11 

35 

Caffimere 

35  n 

95 

Cabul 

33  n 

89 

Caftanowitz 

46  n 

3? 

C’achao 

'  23n 

125 

Caftel  novo 

43  n 

41 

Cadiz,  Cales 

360 

10 

Caftello  branco 

39  n 

28 

Caen 

49  n 

18 

Caftiglione 

45  n 

31 

CafFa 

45  n 

57 

Caftle  town 

54n 

14 

Cagliari 

39  r 

3C 

Caflro 

43  n 

296 

Cahors 

44  r 

1  20 

Catanea 

38  n 

35 

Cajana 

64  r 

1  47 

C a taro 

42  n 

39 

Caifum 

35  r 

1  123 

Catherlouge 

53  n 

1 2 

Cairo  grand 

130: 

11  52 

'  Caudebec 

>49" 

19 

Gaxa* 
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flat. 

7 

rlon, 

Iat. 

1  Ion. 

Caxamarca 

'303 

Clermont,  Champagr 

1491] 

1  25 

Cayenne 

5 11 

325 

Clermont,  Avergne 

4611 

22 

Cephalonia 

41 

Cleve 

52n 

25 

Cervia 

44  n 

33 

Coblentz 

50r 

27 

Cefena 

44  ^ 

32 

Coblon 

J 

*3® 

5on 

100 

Ceuta 

3611 

36 

Cobourg 

31 

Chalons 

48  n 

24 

Cochin 

9  n 

06 

Cham 

49 11 

2  5 

Cogniac 

46  n 

7 

49 

Chamberry 

45 11 

25 

Coire 

47  n 

29 

Charlemont 

54r 

14 

Coimbra 

40  n 

99 

Charleroy 

Charles  town,  1 

5°n 

24 

Colberg 

Colima 

54n 

iQn 

36 

269 

27 

Charlton 

32n 

299 

Colmar 

48  n 

Charolleis 

46  n 

24 

Cologne 

51  n 

26 

Chartres 

47  n 

20 

Com 

34n 

69 

Chateau 

5°n 

23 

Comerci 

48  n 

25 

Chatelet 

5on 

24 

Comorra 

48  n 

38 

Chatham 

5 1  n 

20 

Compeigne 

49  n 

22 

Chaves 

42  n 

*3 

Compoftella 

43  n 

8 

Chelm 

51  n 

43 

Conception 

ion 

295 

Chelmsford 

c  2  n 

19 

Condom 

44  n 

j  8 

C'herafco 

45  n 

27 

Coni 

44  n 

27 

Cherburg 

50  n 

18 

Conquet 

48  n 

/ 

13 

Cherefoul 

36  n 

65 

Confenza,  Cofenza 

39n 

37 

Chefter 

53  n 

16 

Conftance 

j  y 

48  n 

29 

Chefter  (new) 

40  n 

304 

Conftantina 

3611 

27 

Chiapa 

i6n 

280 

Conftantinople 

42  n 

48 

Chiarenza 

38  n 

41 

Contefta 

41  n 

44 

Chichefter 

60  n 

18 

Copenhagen 

56n 

3  2 

Chinca 

*3  r 

302 

Copiapo 

25  f 

303 

Chiney 

5on 

25 

Coquimbo 

39  f 

302 

Chios,  Scio,  Kio 

38n 

47 

Cordoua 

38  n 

12 

Chitor  (India) 

23  n 

96 

Corfu 

40  n 

40 

Chitor  (Italy) 

45  n 

27 

Coria 

40  n 

26 

Chitro 

4°n 

43 

Corinth 

37  n 

43 

Chinfi 

43  n 

33 

Cork 

52  n 

10 

Ch  rifti  ana 

60  n 

3o 

Coron 

37  n 

42: 

Chriftianople 

2/n 

35 

Cortona 

43  n 

23 

Chriftianftadt 

56n 

34 

Corunna 

43  n 

29 

Cifalu 

38  n 

33 

Coventry 

52  n 

17 

Cinoloa 

26  n 

265 

Cowes 

e  i  n 

16' 

Cittadella 

40  n 

23 

Cracow 

J 

5on 
45  n 

40 

Cividad  real 

39 11 

H 

Crema 

3° 

Civita  vechia 

42  n 

33 

Cremnitz 

49  n 

39 

Clagenfurt 

l-7  n 

34 

Cremona 

45  n 

3C 

Ciavenna 

.6n 

39 

Crefcentino 

45  n 

27 

Claujfenburg 

,711 

44 

Creutznach 

50  n 

C 

roia 

Sea.  I.  G  E  O  G 
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lat. 

Ion. 

lat. 

Ion. 

Croia 

42  n 

42 

Dol 

48  n 

16 

Cronftat 

47  11 

47 

Dolk,  Dole, 

47  n 

25 

CrolTen 

52  n 

35 

Doltabad 

2on 

95 

Cuenca,  Cuenza 

40  n 

16 

St.  Domingo 

i8n 

3G9 

Culiacan 

24n 

264 

Donavvert 

49^ 

30 

Cullembach 

5on 

31 

Dort 

Sin 

24 

Culm 

53  n 

39 

Dovay 

5on 

23 

Cufco 

13  { 

308 

Drefden 

5 1  n 

33 

Cullrin 

52  n 

35 

Dreux 

49  n 

20 

Czernihow 

52  n 

55 

Drontheim 

64  n 

3° 

D. 

Dublin 

54  n 

12 

Dabal 

l8n 

93 

Duilburg 

5 1  n 

26 

Daca 

24  n 

II9 

Dumfries 

55a 

15 

Dagno 

41  n 

41 

Dunbarton 

56n 

14 

Dalaborc 

59n 

33 

Dundee 

56n 

15 

Damafcus 

33  n 

57 

Dunkirk 

5m 

2\ 

Dambea 

15  n 

54 

Durazzo,  Brazzi, 

42n 

43 

Damietta 

31  n 

52 

Durham 

55  n 

J5 

Damvillars 

49  n 

25 

Duffeldorp 

5 1  n 

26 

Dancala 

17  n 

53 

E. 

Daneburg 

53  n 

31 

Ecija 

37  n 

12 

Dantzig 

54n 

39 

Edam 

52  n 

2S 

Darmftadt 

49  n 

28 

Edinburg 

56  n 

16 

St.  Davids 

1 2  n 

101 

Egra 

5°n 

3  2 

Debrecin,  Dubitza 

47  n 

42 

Ehenheim 

48  n 

27 

Delft 

52  n 

23 

Ekrenford 

55  n 

29 

Delly 

28  n 

99 

Elbalfen 

41  n 

43 

Delmonhurft 

53  n 

28 

Elbin 

54« 

39 

Dendermond 

5i  n 

24 

Elcatif 

25  n 

59 

Denia 

39  n 

18 

Elfimburg 

$6n 

33 

Derbent 

42  n 

72 

Ellinore,  Halfingore, 

S^n 

32 

Derpt 

58  n 

49 

Elvas 

39n 

10 

Deffaw 

52  n 

33 

Ely 

52  n 

1 8 

Deventer 

52  n 

25 

Emboli 

42  n 

46 

Deux  ponts 

49 

24 

Emm  eric 

52n| 

25 

Diarbeck 

47  n 

62 

Emden 

53  n 

27 

Die 

45  n 

24 

Euchuifen 

52n 

24 

Dieppe 

S°n 

20 

Engers 

50n 

27 

Diepholt 

53  n 

28 

Ens 

48  n 

34 

Digne 

44  n 

26 

Enfilheini 

48  n 

27 

Dijon 

47  n 

24 

Ephefus 

38  n 

47 

Dillenburg 

5m 

28 

Eppingen 

40  n 

29 

Dillengen 

48  n 

3° 

Erfurt 

5m 

31 

Dinkenfpoil 

49  n 

3° 

Erivan 

4011 

45 

Diul 

26  n 

89 

Erkelens 

5on 

25 

Dixmude. 

15 1  n 

23 

Erpach 

49  n 

29 

Doblin,  Dobetin 

‘56a 

45 

j  Erzerum 

*40  n 

80 

Ellingen 

S)6  GEOGRAPHY. 


♦  v 

E/Iingen,  Elfmg, 

lat. 

Ion 

1 

j  3  f 

Jat. 

Ion. 

49  n 

i  29 

Frecbrickiladt 

r6  n 
s6n 
48  n 

32 

Efna 

25  n 

55 

bredericfcde 

3  1 

EfTen 

5 1  n 

26 

Freiburg 

2  7 

Eftella 

43  n 

*5 

Freifengen 

49  n 

32 

Eftremots 

3811 

IC 

Friburg 

46  n 

37 

Eu 

5on 

20 

Fridburg 

48  n 

3i 

Evora 

39n 

9 

Friedburg 

T 

con 

28 

Exeter 

5 1  n 

1S 

Frifach 

47  n 

Eyndhoven 

Sin 

25 

Fritzler 

5 1  n 

J  J 

3° 

Eyfenach 

F. 

5 1  n 

3° 

Fuld 

Fuligno 

51  n 
42  n 

29 

34 

Faenza 

44  n 

32 

Furnes 

5 1  n 

22 

Falkenburg 

Falmouth 

54n 
50  n 

36 

14 

Furhenfelt 

G . 

47  n 

37 

Famagufta 

35  n 

56 

Gaeta 

41  n 

35 

47 

17 

Fano 

44  n 

34 

Gallipoli 

41  n 

Farewel  cape 

60  n 

334 

Gandia 

39  n 

Faro 

3611 

1 1 

Gangea 

41  n 

67 

Fefanta 

36n 

269 

Gani 

1 6  n 

102 

Fefanta  de  Bagota 

4  n 

305 

Gap 

44  n 

26 

Ferden,  Verden 

53  n 

29 

Gaveren 

5  1  n 

2  3 

24 

Ferentino 

42  n 

34 

Geertrudenburg 

52  n 

Fermo 

Ferrara 

43  n 

36 

Geldres 

52  n 

26 

44  n 

33 

Galenhaufen 

50  n 

29 

Ferrol 

43  n 

12 

Gemund 

49  n 

3° 

Felipour 

27  n 

98 

Geneva 

46n 

26 

Fez 

33  n 

15 

Gengenbach 

48  n 

27 

Finale 

44  n 

29 

Genoa,  Genoua, 

44  n 

29 

Flenfburg 

55* 

29 

Germenlheim 

49  n 

28 

Florence 

43  11 

32 

Gerumenha 

39n 

29 

Flour 

45  n 

23 

Gepping 

48  n 

3° 

Flufhing,  Uliflingen, 

5 1  n 

23 

Gevalia 

60  n 

38 

Fogaras 

47  n 

48 

Ghent,  Gant, 

5  in 

23 

Foix 

43  n 

21 

Giawle 

60  n 

29 

Foken 

2711 

139 

Gibraltar 

3611 

1 1 

Fondi 

41  n 

36 

Giefien 

5  in 

29 

Fontainbleau 

48  n 

22 

Gingen 

49  n 

3° 

Fonterabia 

43  n 

16 

Ginge 

12  n 

99 

Fontenoi 

5  I  n 

23 

Giovenaz20 

41  n 

37 

36' 

Forbi 

44  n 

33 

Girace 

39  n 

St.  Foy 

44  n 

18 

Girge 

25n 

52 

Fraga 

41  n 

18 

Girona 

42  n 

22 

Francfort  (Saxony) 

52n 

34 

Gifors 

49  n 

20 

Francfort  (Rhine) 

5©n 

27 

Giula 

47  n 

43 

Frankendal 

49  n 

28 

Giufdendil 

43  n 

45 

Frafcati 

41  n 

34 

Glandeves 

43  n 

26 

Frederica 

•  iV 

3m 

297J 

Gialcovv 

5  6  n, 

G 

H 

latz 
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<f  -i 

lat. 

Ion. 

lat.i 

Ion.! 

Glatz 

$on 

37 

Guarda 

40  n 

Glouceller 

520 

16 

Guatimai 

1  5  n 

280 

Glogaw 

5 1 P 

37 

Guaxaca 

i8n 

277 

Gluckftadt 

54'n 

29 

Guben 

$2n 

35 

Guefne,  Guifen 

52  n 

38 

Gueret 

47  n 

21 

Goa 

i6n 

94 

Guiaquii 

2  f 

2  97 

Goes 

5in 

24 

Guiara 

iin 

312 

Golconda 

J7  n 

98 

Gurk 

47  n 

35 

Golnau 

'5411 

36 

Guftrow 

54n 

33 

Gombroa  . 

28  n 

76 

H. 

Gor 

32  n 

I05 

Hadderfleve 

56n 

29 

Gorcum 

52  n 

24 

Hadramut 

16  n 

70 

Goree 

15  n 

28 

Haerlem 

520 

24 

Goritia 

46  n 

34 

Hagenan 

48n 

*  a# 
Z/ 

Gorlitz 

5 1  ft 

35 

Hague 

52n 

24 

Goflar 

52  n 

3° 

Hailbrun 

49  n 

29 

Gotha 

5in 

3 1 

Halabas 

27  n 

102 

Gottenburg 

58  n 

32 

Halberftat 

52  n 

31 

Gottingen 

j2  n 

3° 

Hall 

49  n 

30 

Gottorp 

55  n 

3° 

Halmlfadt 

57n 

13 

Gowde 

52  n 

24 

Ham 

52  fl 

27 

Grace 

43  n 

27 

Ham  ad  an 

35  n 

68 

Gradifca 

4-5  n 

39 

Hamburg 

54n 

3° 

Gran 

4^  n 

39 

Hamchen 

3on 

140 

Granada  (Spain) 

37  n 

H 

Hamelin 

52  n 

29 

Granada  (America) 

1 1  n 

289 

Hanan 

5on 

29 

Grandents 

53  n 

40 

Hanover 

53  n 

20 

Gratz 

47  n 

37 

Hap  fa  1 

59  n 

45 

Grave 

52  n 

26 

Harburg 

54n 

3° 

Gravelin 

5  J  n 

22 

Harderwick 

52  n 

16 

Gravenec 

48  n 

29 

Havanna 

23n 

297 

Gravina 

41  n 

38 

Havre  de  grace 

49  n 

37 

Grenoble 

44  n 

25 

Hean 

22  n 

126 

Grimborb 

50  n 

26 

Heidelburg 

50  n 

29 

Gripfwald 

54  n 

34 

Helmftadt,  Halmftat 

53  n 

3 1 

Grodno 

54  n 

45 

Helvoetfluys 

52  n 

24 

Groenp-en 

53  n 

26 

Heraclea 

41  n 

48 

Groll 

52  n 

26 

Herat 

34  n 

80 

Grofetto 

4 2  n 

32 

Herborg 

51  n 

28 

Grot  flea 

+5  n 

40 

Hereford 

5  \  n 

52 

Grupenhagen 

51  n 

3C 

Hcrentals 

51  n 

24 

Guadaiajara 

2 1  n 

27c 

Hermanftadt 

47  n 

46 

Guadalaxara 

40  n 

M 

Helilin,  Hefdin, 

30  n 

22 

Guadix,  Acci, 

37  n 

15 

Hilderlheim. 

520 

3° 

Gualeor 

v  * 

26  n 

99 

Hindown 

27  n 

98 

Guamanca 

Hen 

1 3°5 

Hirchheid 

51  n 

30 

H 


Hochftec 
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lat. 

Ion. 

lat. 

lon.‘ 

Hochilet 

49  n 

3° 

Joinville 

49  n 

26 

Hoenzotlern 

48  n 

29 

Ifenach,  Eyfenach 

5 1  n 

3i 

Homburg 

5on 

27 

Ifernia 

42n 

36 

Honfleur 

49  n 

19 

Ifney 

48n 

3° 

Horn 

53« 

24 

Ifpahan 

33  n 

70 

Hornburg 

48  n 

29 

Judenburg 

47  n 

35 

Hove 

53  n 

29 

Judoign 

5on 

25 

St.  Hubert 

50n 

25 

St.  Julian 

49  r 

3*3 

Hegly 

23  n 

108 

Juliers 

51  n 

26 

Huefca 

42  n 

17 

Jurea 

45  n 

28 

Hulk 

5 1  n 

24 

K. 

Hunninghen 

47  n 

28 

KafFa 

47  n 

61 

H  UiUm 

25  n 

29 

Kakenbaufen 

57  n 

47 

Huy 

51  n 

26 

Kalifh 

52  n 

38 

I. 

Kallo 

48  n 

42 

Jaca 

43  n 

17 

Kaminec 

48  n 

47 

Jaffa,  Joppa 

33« 

Kanifca,  Canifa 

47  n 

38 

Jaen 

38n 

14 

Kargapol 

62  n 

60 

Jagendorf 

5on 

38 

Kaulburen 

48  n 

3i 

St.  J ago 

20  n 

302 

Keiferberg 

48  n 

27 

St.  Jago 

34  1 

3°‘ 

Keiferfwert 

5i  n 

28 

Jagodna 

44  n 

45 

Kempten 

47  n 

3° 

faitzo 

45  n 

39 

Kerman 

3°  n 

76 

Jamba 

3 1  n 

IOI 

Kexholm 

61  n 

53 

jam  by 

Zn 

97 

Kiel 

55  n 

3  1 

famets 

49  n 

25 

Kilia 

47  n 

54 

fanna 

39n 

42 

K-imi 

66  n 

44 

japara 

6  f 

130 

Kingfion  (Jamaica) 

1 8  n 

3  02 

Jarillavv 

580 

63 

Kiow 

5  1  n 

52 

jafques 

25  n 

78 

Kiattan 

46  n 

33 

Jaffy 

4  7n 

49 

Knyffen 

53  n 

45 

Jawer 

Sin 

36 

Kola 

69  n 

54 

jazy 

42  n 

5° 

Komorra 

49  n 

39 

St.  jean  de  Mau  J 

45  r) 
3611 

4  A 

Kongel 

58  n 

32 

rienne  j 

Jed  do 

1 6 1 

Koninglburg,  Re-  J 
gimont,  J 

54n 

42 

Jena 

5 1  0 

32 

Koningfgratz 

50  n 

36 

fenkopla 

58  n 

34 

Kowno 

55 

45 

jerufalem 

32  n 

!  52 

Krai  nil  a  vv 

51  n 

43 

jeffelmery 

27  n 

94 

Krempen 

54n 

29 

jever 

54  n 

27 

Krems 

48  n 

36 

Iglaw 

49  n 

35 

Krim 

48  n 

6 1 

ihor 

3  » 

124 

ICufstain 

48  n 

3  2 

Block 

4611 

40 

Kuttenburg 

50  n 

35 

Jmola 

45  n 

3* 

L. 

I  mperial 

40  f 

294 

Labiau 

55  n 

42 

Ingolftadt 

48  n 

3i 

Ladenburg 

50  n 

29 

laipruck 

147  n 

32 

Ladogna 

41  n 

36 

Lagos 


99 
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Lat. 

on 

lat. ' 

Ion. 

Lagos 

37  " 

8 

Lena*  Reiria 

40  n 

29 

Laholm 

57" 

32 

Lerida 

41  n 

19 

Lahor 

34" 

95 

Lefcar 

43  " 

18 

Lambego 

41  n 

9 

Leffines 

50  h 

23 

Lambefco 

43  " 

24 

Lettere 

40  n 

35 

Lampfacus 

A.  o  n 
. 

48 

Leucate 

43" 

22 

Lancafter 

54" 

*5 

Leutkirk 

47" 

3o 

Lancbang 

2i  n 

2  i 

Leutmeritz,  Leto- 1 

Landaf 

5 1  n 

l5 

nieritz  j 

50  n 

34 

Landan 

50  n 

28 

Lewarden 

53  " 

25 

Landaw 

49  " 

28 

Lewi  (burg 

45  " 

318 

Landen 

51  n 

24 

Leyden 

52  n 

24 

Landrecy 

50  n 

2  3 

Lezina 

41  n 

36 

Landfcroon 

56  n 

34 

Libaw 

56  n 

42 

Landlhut 

48  n 

32 

Lichtenberg 

5°n 

32 

Landfcroon 

56  n 

33 

Lida 

53" 

47 

Landfperg  (Brand) 

S3" 

39 

Lidcopin 

59" 

33 

Landfperg  (Bavaria) 

48  n 

3i 

Liege,  Luyck 

5  1  n 

25 

Langeac 

45" 

23 

Liere 

5  1  " 

24 

Langrez 

48  n 

25 

Lignitz 

51  " 

36 

Laon 

50  n 

23 

Lima 

12  f 

303 

Lar 

28  n 

74 

Lirnburg 

5  1  n 

26 

Laredo 

44" 

l4 

Limeric 

52  n 

10 

Larifla 

39" 

45 

Limoges 

46  n 

20 

Larta 

39" 

42 

Limpurg 

5on 

28 

Lavamund 

47" 

35 

Lincoln 

53" 

18 

Laubach 

46  n 

35 

Lincopen 

$8n 

36 

Lauda 

49" 

3i 

Lindow,  Lindaw 

47" 

3° 

Lauffenburg 

47" 

28 

Lingen 

53" 

28 

Laugingen 

48  n 

3° 

Lintz 

48  n 

34 

Laulanne 

46  n 

26 

Lippe 

52  n 

28 

Lawenburg 

54" 

3 1 

Lifbon 

39" 

9 

Laxemburg 

48  n 

37 

Lifieux  Lifeux 

49" 

19 

Lebus 

52  n 

35 

Lille,  Lille 

5 1  n 

22 

Leccie 

40  n 

40 

Lilia  v 

52  " 

36 

Ledlour 

44" 

*9 

Lira 

41  n 

47 

Leerdam 

52n 

25 

Litchfield 

53" 

16 

Leghorn 

43" 

3 1 

Livadia 

38  " 

42 

Leipfick. 

5  1  n 

33 

Loang-o 

3  f 

3* 

Leith 

^6n 

16 

Lochem 

52  n 

26 

Lemburg,  Leopolis 

49" 

44 

Loches 

47" 

2  1 

Leucicia 

52  n 

39 

Lodeve 

43" 

23 

St.  Leo 

44" 

34 

Lodi 

45" 

3° 

Leon  (Spain) 

43" 

12 

Logroil  to 

42  n 

16 

Leon  (America) 

1 2  n 

286 

Lojovvogrod 

42  n 

*5 

Leontini 

37" 

36 

Lombcs 

43" 

19 

Leopoldadt 

f 9  " 

39 

London 

5 1  r 

18 

Lepanto 

J3r 

41 

Londonderry 

is 5  r 

I  i 

H  z  Longue- 


rcc 
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lat.  ] 

Ion. 

lat. 

Ion. 

Longueville 

5on 

19 

Majorca 

39  n 

20 

Longwy,  Longovy 

50n 

25 

Malaga 

37n 

13 

Loo 

$2n 

26 

Maid  a 

25  n 

108 

Lorca 

38n 

16 

Malmoe 

5  5  n 

33 

Loredo 

45  n 

33 

St.  Malo 

48  n 

1 6 

Loretto,  Lauritana 

43  n 

35 

Malta,  Medina 

35  n 

34 

Loudun 

47  n 

26 

Malvafia 

36  ti 

49 

Lovitz 

52n 

40 

Manrefa 

41  n 

20 

Lovrebrander 

25  n 

88 

Mans 

48  n 

18 

Lourde 

43  n 

18 

Mansfield 

52  n 

31 

Louvain,  Lovain 

5 1  n 

24 

Mante 

49  n 

21 

Louvo 

15  n 

(21 

Mantua,  Mantoua 
Maracaibo 

45  n 

31 

Loxa 

5  f 

301 

n  n 

Loya,  Loja,  Loxai 

37  n 

*4 

Marana 

4*  n 

"46 

Lubec 

54n 

31 

Marans 

46  n 

*7 

Luben  (Bohemia) 

5 1  n 

36 

St.  Marco 

39  n 

39 

Luben  (Saxony) 

32  r. 

34 

Mardike 

5 1  n 

22 

Lublin 

5In 

43 

Margentheim 

49  n 

32 

Lubow,  Lublavv 

49 11 

41 

Margoreft 

47  n 

4  9 

Luc 

45  n 

25 

Marienburg  (Germ.) 

50  n 

24 

Lucca,  Luca 

44  n 

3l 

Marienburg(Poland) 
Marienburg,  Sweden 

54  n 

40 

Lucern 

44  n 

27 

59  n 

34 

Lucinganno 

43  * 

33 

Marmande 

44  n 

23 

Lugano 

4611 

28 

Marognia 

42  n 

5i 

Lugo 

43  n 

9 

Marpurg 

51  n 

29 

Lunden 

56  n 

34 

Marfala 

37  n 

34 

Lunenburg 

54n 

30 

Marfalquieur 

3  6n 

18 

Luneville 

49  n 

26 

Marfeils 

43  n 

25 

Lure 

48  n 

36 

Marhco 

40  n 

3B 

Luffbn 

46  n 

l7 

Martaban 

17  n 

99 

Lufne,  Lucko 

;m 

45 

Martha 

i  2  n 

3°3 

Irntzen 

5  1  n 

32 

Martocano 

39  n 

3^ 

Luxemburg 

50  n 

26 

Mafcon,  Mazon 

46  n 

24 

Luzara,  Luzzara 

45  n 

'  3  1 

Maffa 

44  n 

31 

Lyons 

4O  n 

2  4 

MalFerano 

45  n 

28 

M. 

Mafuliparan 

16  n 

IOI 

Mace  rata 

43  n 

35 

Mstera 

41  n 

38 

Mackeran 

26  n 

6  b 

Materan 

7  r 

130 

Madenburg,  Man-  ] 
heim  J 

/  '•  '■  ia 

49  n 

28 

Maubeuge 

Maulcon 

50  n 
43  n 

23 

17 

Madre  de  popa 

i  1  n 

302 

St.  Maupa 

38  n 

44 

Madrid 

40  n 

14 

Mayenne 

48  n 

1 8 

Madrigal 

1  n 

3°3 

Mazagan 

33  n 

8 

Maefeyck 

Maeftricht 

5  1  «. 

25 

Mazara 

35" 

34 

5 1  n 

z5 

Meaco 

36  n 

1 56 

Maeadoxa 

2  n 

6 1 

Meaux 

49  n 

23 

Magdeburg 

52  n 

32 

Mecca 

21  n 

64 

Magliano 

\ 

49  n 

34. 

Mechlin 

51  n 

24 

Me- 

Sea.  I.  GEOGRAPHY. 

*  y*i 

r  ■ 

lat. 

Ion. 

lat. 

ilqn. 

Meaenblic 

53° 

25 

Modrufch,  Mad  mfcl 

M-5n 

37 

Medina  celi 

41  n 

*5 

Mohilow,  Mogilof 

54n 

54 

Medina  talmari 

250 

6 

Mofette 

41  n 

39 

Medina  fidonia 

36  n 

1 1 

Mola 

41  n 

37 

Mednick 

56  n 

Al 

Molina 

41  n 

16 

MeifTen 

51  n 

33 

Molife 

42n 

36 

Meldorp 

54n 

29 

Mollbeim 

48  n 

21 

Meliapour 

13  n 

100 

Monaco 

44  0 

27 

Melinda 

3  < 

39 

Moncaller,  Moncale 

44  n 

2  7 

Melito 

28  n 

38 

Moncon 

42  n 

24 

Melle 

5  2  n 

28 

Mondonnedo 

43  n 

10 

Melros,  Meurs 

56  n 

16 

Mondovi 

44  n 

27. 

Melum,  Melun 

48  n 

22 

MonlulTon 

460 

22 

Memel 

56  n 

43 

Monopoli 

41  n 

38 

Memmingen 

48  n 

3° 

Mons,  Bergen 

50  n 

23 

Menchou 

49  n 

24 

Montallo 

43  n 

35 

Menen,  Menin 

51  n 

23 

Montaugis 

48  u 

20 

Mentz 

49  n 

28 

Montauban 

44  n 

19 

Meppen 

Mequinez 

53  n 

27 

Montbelliard 

47  n 

26 

34n 

8 

Monthrifon 

45  n 

23 

Meran,  Moran 

47  « 

3l 

Monte  verde 

41  n 

36 

Mergentheim 

Merida 

49  n 
39  n 

3Z 

11 

Montpelier,Mom- 1 
pelier  j 

43  n 

24 

Mero 

1 7  n 

1 16 

Montreal  (Sicily) 

38n 

35 

Merfburg 

5 1  n 

i32 

Montreal  (Spain) 

43  n 

16 

Merfperg,  Merfpurg 

47  n 

29 

Morlaix 

480 

H 

Mefched 

360 

77 

Morocco 

32  n 

9 

Mefeen 

66n 

66 

Mortaigne 

49  " 

!9 

Mefember 

44  n 

53 

Mortara,  Montara 

45  n 

29 

Meflina 

38n 

37 

Mofambique 

*5* 

42 

Metling 

46  n 

36 

Mofbach,  Mofpach  . 

49  n 

28 

Metz 

49  n 

26 

Mofcow 

55  » 

65  ! 

Meurs 

5 1  n 

2  6 

Mofpurb 

48  n 

32 

Middleburg 

5 1  n 

23 

Moulins 

46  n 

23 

Milan 

45  n 

29 

Mouful,  Moful 

36  n 

43 

Milland 

44  n 

22 

MucyBaw 

54n 

53 

Mindelheim 

4811 

3° 

Mulhaufen 

4811 

27 

Minden 

52  n 

28 

Multon 

3°n 

92 

Minlk,  Minlki 

54n 

49 

Mungats,  Mnnkats 

49  n 

42 

Miranda  de  douro  ; 

42  n 

1 1 

Munick,  Manchen 

48  n 

32 

Miranda  de  ebro 

43  n 

14 

Munfter 

520 

27 

Mirandola 

45  n 

32 

Manlier  burg 

5in 

36 

Mirepoix 

43  n 

20 

Murcia 

38  n 

17 

Mittau 

560 

44 

Muro 

41  n 

37 

Moco,  Mocho 

i3n 

65 

Muftagar 

360 

26 

Modena 

44  n 

3  1 

Muxara,  Muxacra 

37" 

16 

Mcdica 

36n 

36 

Mu  y  den  % 

52  n 

23 

Modon 

35  n 

46! 

H  3  N, 


102 
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N. 

lat. 

Ion. 

Naerden 

52  n 

24 

Najara 

42  n 

1 3 

Nacfivan 

39  n 

65 

Namur 

50  n 

25 

Nancy 

49  n 

26 

Nangafaqui 

32n 

l5 1 

Nankin 

32n 

1  zg 

Nants,  Condivineum 

47  n 

17 

Naples 

41  n 

38 

Napoli 

36  n 

59 

Narbonne 

43  n 

22 

Na^do 

41  n 

39 

Narenza,  Narenta 

43  n 

39 

Narni 

42  n 

34 

Narfinga 

15  n 

98 

Narva 

59n 

48 

NafFaw 

5  0  n 

27 

Nata 

9  n 

296 

Navereins 

43  n 

l7 

Naverino 

35n 

46 

Naumburg 

5 1  n 

32 

Negapatun 

i  1  n 

99 

Negrais 

17  a 

1 12 

Negropont 

38n 

48 

Nemours 

48  n 

2] 

Nepi 

42  n 

34 

Neuenburgj  Nuberg 

48  n 

3? 

Nevers 

41  n 

22 

Neufchattel 

47  n 

26 

Neuftadt 

47  n 

33 

Newburg 

49  n 

3 ' 

Newcakle 

55° 

16 

Newmark 

+7° 

45 

Newport 

5 1  n 

21 

Nice,  Nizza 

43  n 

27 

Nicomedia 

41  n 

5 1 

Nicopin 

59 11 

37 

Nicopolis,  Nigepoli 

45  n 

47 

Nimeguen,  Nim- 1 
megen  j 

^2n 

25 

Nino  ve 

37. n 

‘  23 

Niort 

46  n 

18 

Nifmes,  Nimes 

43  P 

24 

Nilna 

560 

65 

NifFa 

43  n 

43 

Nitracht,  Neytra 

49  n 

39 

NiviU? 

5 !  rr 

24 

Nixabour,  Nafabor 
Nocera 
Nola,  Nole 
Nombre  de  dios 
Nona 

Norcia,  Nurlia 

Norden 

Norkepin 

Northeim 

North  anfen 

Norwich 

Noto 

Novara 

Novigrad 

Novogrod,  Weliki 

Noyon 

Nurenhurg 

Nays 

Nyburg 

Nyenburg 

Nyflot 

O. 

Oberwefei 

Ochrida 

Ochenfurt 

Oczacow 

Odenfee 

Odor 


Oldenburg  (Den 
mark) 

Oleron 

Olika 

Olinda 

Olite 

Olivenza 

Olmutz 

Olympea,  Longin: 

St.  Omers 

Ommenburg 

Oneglia 

OppeJen 

Oppido 

Oran 

Orange 

Oratavia 

Orbitello 


] 


llat. 

Ion' 

36  n 

38 

43  n 

34 

4m 

36 

ion 

300 

45  n 

37 

43  n 

35 

54n 

z6 

58n 

36 

51  n 

3° 

520 

3° 

53 11 

20 

360 

37 

45  n 

28 

45  n 

45 

58n 

55 

49  n 

22 

49  n 

3 1 

5m 

26 

55  n 

3° 

53  n 

29 

630 

50 

500 

27 

41  n 

42 

»  w' 

49 r; 

31 

47  n 

55 

56a 

3° 

500 

38 

'  53  n 

27 

54n 

31 

43 11 

17 

5tn 

47 

8  f 

343 

42  n 

16 

38  n 

10 

49  n 

37 

5  38n 

41 

5 1  n 

22 

5 1 11 

28 

44  n 

28 

5°n 

38 

38n 

38 

37  n 

18 

44  n 

24 

28  n 

1 

42  n 

32 

Ordunna 


Sect.  I. 


GEOGRAPHY. 


Ordunna 

Orenfe 

Origuella 

Oriftagni 

Orixa 

Orleans 

Orleans  new 

Oropeza 

Orta,  Horta 

Orvietto 

Ofnabrug 

Olrend 

Oftuni 

Ofvvego 

Otranto 

Oudenard 

Oviedo 

Oxford 

P. 

Padang 
Paderborn 
Padua,  Padoua 
Paita 

Palamboang 

Palamos 

Palanca 

Palazzuoli 

Palencia 

Palermo 

Paleilrina,  Praenelie, 

Palma 

Palmyra 

Pamiers 

Pampeiuna 

Panama 

Panay 

Pancale 

Papa 

Papenheim 

Paraiba 

Parenzo 

Paris 

Parma 

Parnaw 

Paffan 

Palio 

Patan 

Patchuca3  Patioque; 


IO3 


lat. 

Ion 

lat. 

Ion 

43  « 

14 

Patna 

26  n 

lOr 

4211 

9 

Patras 

3811 

47 

38n 

16 

Patti 

38  n 

36 

39  « 

29 

Pan 

43  n 

18 

2on 

IOS 

Pavia 

45  n 

29 

48  n 

20 

Paul,  Pol  de  leon 

49  n 

15 

3°n 

288 

St.  Paul 

24  a 

328 

2of 

312 

Paz 

18  n 

312 

42  n 

34 

Pazzi 

41  n 

52 

43  n 

33 

Pedir 

5  n 

114 

S2" 

27 

I7n 

117 

5In 

22 

Pekin 

40  n 

1 2 1 

41  n 

4° 

Pella 

41  n 

43 

44  n 

300 

Pelufium  * 

51  n 

5* 

40  n 

40 

Peniche 

39n 

9 

5 1 n 

2  3 

Pennon  de  velez 

35  n 

14 

43  n 

1 2 

Percaflaw 

5on 

53 

520 

l7 

Perga 

39n 

41 

if 

Pergamus 

39  n 

47 

1 19 

Perigux 

45  n 

19 

520 

28 

Permavelec 

62  n 

81 

45  n 

32 

Peronne 

5on 

24 

5" 

298 

Perpignan 

43  n 

1; 

22 

8  f 

*34 

Perfapolis 

3i  n 

74 

41  n 

21 

Perthamboy 

41  n 

3oo 

48  n 

40 

Perugia 

4311 

34 

Jon 

36 

Pefaro 

44  n 

34 

42  n 

13 

Pefcara 

42  n 

36 

40 

37  n 

35 

Pell 

48  n 

42  n 

34 

Peterborough 

32  n 

18 

38  n 

8 

Peterfburg 

60  n 

> 

56 

33  n 

59 

Peter  war  ad  in 

46  n 

42 

43  " 

20 

Petricow 

5 1  n 

40 

43  n 

16 

Pettaw,  Petaw 

47  n 

37 

ion 

296 

Pettipoly 

j  7  n 

ioo 

1 1  n 

129 

Pfortlheim 

49  n 

28 

44  n 

27 

Pfulendorf 

46  n 

28 

47  n 

37 

Phalilburg 

49  n 

27 

49  " 

32 

Pharnacia 

41  n. 

58 

7  n 

323 

Pharfalus,  Pharfa, 

39n 

43 

45  n 

35 

Philadelphia,  (Alia) 

3.5, n 

49 

49  « 
44.  n 

22 

31 

Philadelphia  (A-  1 
merica)  f 

¥  n 

3°4 

58  n 

46 

Philippi 

41  n 

45 

48  n 

34 

Philip  JFopoli 

42  n 

1 

45 

2  n 

301 

Philiplburg 

4.9  n 

28 

2 1  n 

109 

Piacenza. 

45 11 

30 

/  i  n 

l27  5 

Pitnza 

43  n 

'33 

H 


Pignerol 


GEOGRAPHY. 


lat. 

Ion. 

lat. ! 

Ion. 

Fignerol 

44  n 

2/ 

Prevefa 

38n 

44 

Pilau 

5  5  n 

41 

Priam  an 

1  f 

118 

Pilfen 

$on 

33 

Prideran 

43  n 

42 

PiHho,  Pilzow 

qon 

4C 

Priftina 

43  n 

41 

Pinfk  ^  , 

52  n 

47 

Procupia 

44n 

41 

Piombino 

42  n 

32 

Prom 

1911 

1 14 

Pipley 

2  Ul 

106 

Ptolomais 

32  n 

56 

Pifa 

43  n 

31 

Puy  envelay 

45  n 

24 

Pifca 

14  f;302 

Puzzuolo,  Pozzuolo 

41  n 

36 

Pifcataway 

44  n 

3o8 

CL  ' 

Placentia 

43  n 

*5 

Quakenburg 

52  n 

27 

Plata 

23  f 

3 1 1 

Quebeck 

47n 

3°4 

Platea 

38  n 

46 

Queda,  Keda 

7  n 

1 1 8 

Plavven 

5011 

32 

Quedlinburn 

52  n 

31 

Plefcow 

57  n  5C 

Quedin,  Queviling 

26n 

129 

Pluviers 

48  n 

2; 

Quefnoy 

$on 

23 

Poggio  imperial 

43  n,  3  2 

Queyang 

27  n 

126 

Poi&iers 

46  n 

*9 

Quillebeuf 

49  n 

23 

Pola 

45  n 

35 

Quiloa 

to  f 

59 

Policadro 

40  n 

37 

Quimper 

48  n 

!4 

Polignano 

41  n 

39 

Quimperlay 

47  n 

*5 

Polockz 

55  n 

5 1 

Quinque  ecclefix 

46  n 

40 

Pondicherry 

i2n 

ioc 

St.  Quintin 

Son 

23 

Pont  de  efprit 

44  n 

24 

Quito 

13  ( 

3°° 

Ponta  moufon 

49  n 

26 

R. 

Popa  madre 

10  n 

301 

Raab 

<|8n 

38 

Popayan 

3  n 

302 

Rachelfburg 

47  n 

37 

Porentru 

47  n 

27 

Ragufa 

43  n 

40 

Portalegre 

39« 

IC 

Rajamahal 

24n 

106 

Portrentru 

47  « 

27 

Rajapour 

22  n 

97 

Port  Porient 

48  n 

16 

Rain 

49  n 

3i 

Porto 

41  n 

9 

Rakaw 

36  n 

59 

Porto  bello 

9n 

296 

Rakonic 

5°  n 

33 

Porto  hercole 

420 

32 

Rambervillers 

48  n 

26 

Port  St.  Mary 

37  n 

I  i 

Ramillies 

5*n 

.  25 

Porto  rico 

i8n 

3*3 

Ranchira 

i2n 

306 

Port  royal 

17  n 

301 

Ranetz 

55n 

43 

Pofega 

45  n 

39 

Rantzow 

54  n 

30 

pofna 

’5211 

37 

Raorconda 

17  n 

.99 

Potenza 

40  n 

37 

Raperfvvill 

47  n 

28 

potoli 

22  f 

3 1 1 

Razeburg 

60  n 

44 

pouHelui 

28n 

120 

Ratipor 

50n 

38 

prabat 

1611 

1 2  J 

Ratifbon 

49  n 

32 

Prague 

Son 

34 

Ratzeburg 

54n 

31 

precopia,  Orciup 

44  n 

44 

Rava,  Rawa 

52  n 

40 

premiflaw 

49  n 

42 

Ravello 

41  n 

36! 

pre/burg 

48  D 

3g 

Ravenna 

»  •  .» 

44  n 

33* 

y  % 

Ravenf- 
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jlat.  1 

on. 

at.  lion. 

Ravenlberg  (Weftp.)  52  n 

27 

Rolienne 

55  n 

44 

Ravenfberg  (Swab.)  1 

1-7  n 

29 

RofTanno 

40  n 

3  s 

Real,  Chiapa, 

[7  n 

281 

Roftock 

54n 

33 

Realejo 

1 2  n 

307 

Roftow,  Rollof 

57  » 

60 

Rebuick 

45  n 

47 

Rotenburg 

49  n 

31 

Reccandi 

43  11 

36 

Rottenburg 

53  n 

29 

Rees 

52  n 

25 

Rotterdam 

52  n 

24 

Reggio 

44  « 

31 

Rotweil 

48  n 

26 

Regio 

38n 

37 

Roven,  Roan 

4911 

21 

Rennes 

4.8  n 

17 

Rovigo 

45  n 

32 

Refcht 

38  n 

72 

Roye,  Roya 

49  n 

23 

Rethel 

49  n 

24 

Rudelfwert 

46  n 

36 

Rethigen 

48  n 

29 

Ru  ditto 

42  n 

53 

Revel 

59  n 

46 

Ruffacu 

4831 

27 

Reutlingen 

48  n 

29 

Ruvo 

4t  n 

3  8 

P.ezan 

55  n 

64 

Rzeczyca 

53  n 

51 

Rheines 

49  n 

24 

S. 

Rhineberg 

5  m 

26 

Sabionetta 

4;n 

P 

Rhinfelden 

4-7  R 

27 

Saccai 

3^n 

*55 

Rhodes 

36n 

4° 

Saderafapaton 

I2H 

100 

Richelieu 

47  n 

18 

Sagan 

52  n 

35 

Ries 

43  n 

25 

Said 

27  n 

S2 

Rieux 

43  n 

19 

Saintes 

46  n 

l7 

Riga 

57  n 

45 

Salamanca  (Spain) 

41  n 

11 

Rimini 

44  n 

34 

Sal  amanca,  America, 

17  n 

285 

Rio,  Riom 

45  n 

23 

Salamis 

47  n 

44 

Ripatranfone 

43  n 

35 

Salenkamen 

45  n 

42 

Ripen 

56  n 

29 

Salem 

42  n 

308 

Rifano,  Rifne 

4-3  n 

42 

Salerno 

41  n 

37 

Riva 

46  n 

31 

Salins 

47  n 

26 

Rivadec 

43  n 

10 

Salifbury 

5  m 

16 

Rivoli 

45 n 

27 

Salle 

3411 

U 

Roanne 

46  n 

23 

Salm 

48  n 

27 

Rochelle 

46  n 

17 

Salona 

44  n 

39 

Rochefter 

5 1  n 

i9 

Salonichi 

41  n 

46 

Rochfort 

46  n 

i7 

Salfes 

4311 

20 

Rocroix 

50  n 

2; 

Salfona 

42  n 

1 

19 

Rodez,  Rodes 

44  n 

22 

Saltfburg 

48n 

33 

Roermond 

5 1  n 

25 

Saluzzo 

45  n 

27 

Roleduc 

5 1  n 

26 

Samarcand 

40  n 

86 

Romans 

45  n 

25 

Samaria 

33  n 

58 

Rome 

42  n 

34 

Sandec,  Sandecz 

49  n 

41 

Ronciglione 

41  n 

35 

Sandomir 

50  n 

42 

Ronda 

36  n 

1 1 

Sangueffa 

47 11 

*7 

Rofchid,  Rofchild 

56  n 

32 

Santa  cruz 

23  n 

293 

Rofes 

42  n 

22 

Santa  maria 

8  r 

298 

Rofetto 

L  6l 

§antafc 

3611 

269 

Sant* 


io6  GEOGRAPHY. 


lat. 

ion. 

lat. 

Ion. 

Santa  fe  de  bagota 

4n 

3°4 

Segovia  (Spain) 

4in 

J3 

Santarem 

39  n 

10 

Selivrea 

43  n 

53 

Santen 

52n 

26 

Seraendria 

45  11 

43 

Santillana 

43  n 

13 

Senez,  Senes 

44  n 

26 

Santuliet 

51  n 

23 

Sens 

48  n 

23 

Santorini 

3^n 

45 

Seregippe 

11  f 

339 

Saquem 

ign 

59 

Sefta 

41  n 

36 

Saragofa 

41  n 

7 

Setines,  Athens 

38n 

44 

Saraio,  Seraio 

45  n 

40 

Sever]  no 

39  n 

41 

Sarbruc 

290 

27 

Seviero 

42n 

37 

Sardis 

3  7« 

48 

Seville 

37  n 

1 1 

Sarlafc 

45  n 

2 1 

Sibet 

15  n 

65 

Sarno 

4*  n 

36 

Sichent 

320 

56 

Sarfina 

44n 

33 

Sidon,  Zidon 

33  n 

57 

Sarzana 

44  n 

3i 

Siegen 

51  n 

28 

Saftari 

40  n 

29 

Sienna 

43  n 

32 

Sa.vanna 

3  2n 

297 

Sigan 

34n 

128 

Savigliano 

44  n 
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SECT.  II. 

*The  ufe  of  the  Terreftrial  Globe,  in  the 
Solution  of  Geographical  Problems . 


THE  parts  of  the  terreftrial  Globe  are  much 
the  fame  as  in  the  celeftial ;  thefe  are  the 
brazen  meridian,  the  wooden  horizon,  the  qua¬ 
drant  of  altitude,  the  horary  circle,  the  femicircle 
of  pofition,  and  the  mariners  compafs.  The  eaft- 
ern  edge  of  the  brazen  meridian  is  divided  into 
degrees,  and  reprefents  the  true  meridian.  The 
upper  fide  of  the  wooded  horizon  is  divided  into 
degrees,  and  reprefents  the  true  horizon.  The 
quadrant  of  altitude  is  a  thin  brafs  plate,  fixt  to  the 
meridian  at  any  point  of  it  required,  by  a  nut  and 
a  fcrew.  That  edge  of  it  which  is  divided  into  de¬ 
grees  is  called  the  fiducial  edge,  and  properly  re¬ 
prefents  the  correfponding  great  circle.  The  ho¬ 
rary  circle  is  divided  into  24  hours,  making  twice 
1 2  ;  and  1 2  at  noon  is  at  the  upper  part  of  the  me¬ 
ridian,  and  1 2  at  night  at  the  oppofite  fide  ^  the 
morning  hours  to  the  eaft,  the  evening  ones  to  the 
welt ;  the  end  of  the  axis  reprefenting  the  pole, 
carries  round  the  hand,  which  fhews  the  hour. 
The  femicircle  of  pofition  has  its  extremities  fixt 
to  the  north  and  fouth  points*,  about  which  it 
moves  freely,  and  may  be  fet  to  any  pofition.  The 
mariners  compafs  is  placed  on  the  foot  of  the  globe, 
and  ferves  for  fetting  the  globe  in  the  fame  pofi¬ 
tion  as  the  heavens. 

The  circles  drawn  on  the  terreftrial  globe  are, 
the  equinoctial,  and  the  parallels  of  latitude  to 
every  10  degrees,  the  two  tropics,  and  the  two 
polar  circles  -9  alfo  the  meridians  at  every  10  de¬ 
grees  diftance  upon  the  equinodtial,  beginning  at 
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Fig,  the  firft  meridian,  which  is  or  ought  to  be,  that 
paffing  thro’  the  ifland  of  Ferro ,  one  of  the  Ca¬ 
naries.  The  ecliptic  is  alfo  drawn  on  the  terreftri- 
al  Globe,  tho’  it  belongs  properly  to  the  celeflial; 
and  is  put  upon  the  terreflrial  for  the  fake  of  re- 
folving  fome  problems  of  the  fphere.  Alfo  rumb 
lines  are  drawn  upon  fome  vacant  place  of  the 
terreflrial  globe,  fhewing  the  32  winds  or  points  of 
the  compafs. 

The  furface  of  the  terreflrial  Globe  differs  from 
that  of  the  celeflial,  in  this  particular  ;  that  upon 
the  celeflial  are  defcribed  the  feveral  conftellations 
of  the  heavens,  with  the  true  places  of  all  the  ftars. 
Rut  upon  the  terreflrial,  the  feveral  countries  of 
the  world  are  defcribed ;  all  lands  and  feas  ad¬ 
joining  to  them  *,  all  iflancis,  capes,  bays,  moun¬ 
tains,  rivers,  towns,  and  other  things  upon  the 
earth  are  delineated  in  their  proper  fituation,  juft 
as  the  places  themfelves,  which  they  reprefent,  are 
upon  the  earth.  So  that  this  globe  or  little  earth 
will  be  exa&ly  fimilar  to  the  great  globe  of  the 
earth ;  and  all  their  correfpondent  parts  will 
be  in  a  fimilar  pofition.  And  if  this  terreflrial 
globe  be  turned  about  its  axis,  it  will  likewife  have 
a  fimilar  motion  with  the  earth  itfelf.  And  fo  there 
is  an  exadl  agreement  between  the  natural  pofition 
of  the  feveral  parts  of  the  earth  and  fea,  and  their 
artificial  reprefentation  upon  the  terreflrial  globe  ; 
by  which  means  a  great  many  problems  of  the. 
fphere  may  be  very  eafily  refolved.  I  fhail  here 
lay  down  fuch  as  belong  properly  to  the  terreftrial 
globe,  referring  the  reft  to  the  celeflial  globe,  de¬ 
livered  in  Sed.  ill.  of  the  Aftronomy. 


Sea.  II.  USE  OF  THE  GLOBE, 

P  R  O  B.  I. 

1  . 

T o  find  the  latitude  and  longitude  of  a  given  place 

upon  the  globe. 
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Turn  the  globe  round  its  axis,  till  you  bring  the 
place  under  the  brafs  meridian,  there  let  it  reft. 
Then  the  arch  of  the  meridian,  comprehended  be¬ 
tween  the  given  place  and  the  equator,  is  the  lati¬ 
tude  ;  which  is  north,  if  it  lie  towards  the  north 
pole ;  or  fouth,  if  towards  the  fouth  pole.  And 
the  arch  of  the  equator  contained  between  the  firft 
meridian  and  the  brafs  meridian,  is  the  longitude. 

If  you  would  have  this  longitude  in  hours,  bring 
the  firft  meridian  under  the  brafs  meridian,  and  fet 
the  hour  index  to  12,  then  turn  the  globe  towards 
the  weft,  till  your  place  come  under  the  brafs  meri¬ 
dian  ;  and  then  the  index  will  fhew  the  hours  corre- 
fponding  to  the  longitude,  or  the  longitude  in  time. 

PROB,  II. 

1  .  *  ...  ■  , 

To  find  upon  the  globe,  any  place  whofe  latitude  and 
longitude  is  given . 

<  •  f  f  ■  ■ 

Reckon  the  longitude  along  the  equator,  and 
bring  that  point  of  it  to  the  brazen  meridian  *  then 
count  the  latitude  along  the  brafs  meridian  north¬ 
wards  or  fouthwards,  and  there  you  will  find  the 
place  required,  for  either  north  or  fouth  latitude. 


PROB.  III. 

The  latitude  of  any  place  being  given  *,  to  find  all 
ihofe  places  that  have  the  fame  latitude. 

•  p. . ~ 

Bring  the  place  to  the  brazen  meridian,  make 
a  mark  there ;  then  turn  the  globe  about,  and  all 

1  thofe 
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Fig.  thofe  places  that  pafs  under  that  mark,  have  the 
fame  latitude  as  the  place  given. 

Likewife  all  thofe  places  may  be  found  that  have 
the  fame  longitude  as  a  given  place •,  for  if  that 
place  be  brought  to  the  meridian,  all  thofe  places 
then  lying  under  the  meridian  have  the  fame  longi¬ 
tude. 

PROB,  IV. 

To  find  the  difference  of  latitude ,  and  difference  of 
longitude  between  any  two  given  places. 

For  the  difference  of  latitude.  Bring  each  of 
the  places  to  the  brafs  meridian,  and  mark  the 
points  of  interfedion;  then  count  the  degrees  of 
the  meridian  contained  between  thefe  marks ;  and 
you  have  the  difference  of  latitude. 

For  the  difference  of  longitude.  Bring  each  of 
the  places  to  the  brafs  meridian,  and  mark  the  two 
points  of  the  equinodial  cut  by  the  meridian  ; 
count  the  degrees  of  the  equinodial  between  the 
marks,  and  that  is  the  diff.  longitude.  Or  for  the 
diff.  longitude  in  time  ;  bring  one  place  to  the  me¬ 
ridian,  and  fet  the  hour  circle  to  1 2 ;  then  bring 
the  other  place  to  the  meridian  ;  and  the  number 
of  hours  between  12  and  where  the  hand  hands, 
is  the  diff.  longitude  in  time. 

PRO  B.  V. 

T 0  find  the  diftance  of  two  places  upon  the  globe . 

Apply  the  quadrant  of  altitude,  or  brafs  femi- 
circle  to  the  globe,  to  pafs  thro’  the  two  places. 
Then  the  number  of  degrees  between  them,  count¬ 
ed  upon  the  quadrant  or  femicircle  is  the  diftance. 

Or  take  the  diftance  between  the  two  places  with 
a  pair  of  compaftespahdv apply  it  to  the  equator, 

and 
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and  it  will  Ihew  how  many  degrees  are  contained  Fig. 
in  that  diftance. 

If  you  would  kriow  the  diflance  in  miles,  mul¬ 
tiply  the  degrees  by  60,  gives  the  minutes  or  geo¬ 
graphical  miles. 

F  R  O  B.  VI. 

To  rectify  the  globe. 

Set  the  globe  upon  a  horizontal  plane,  fo  that 
the  needle  may  point  towards  the  north,  allowing 
for  the  variation. 

Raife  your  elevated  pole  fo  many  degrees  above 
the  horizon  as  is  equal  to  the  latitude  *,  moving  the 
meridian  up  and  down,  till  that  number  of  degrees 
touches  the  horizon,  there  let  it  reft.  Then  the 
globe  is  rectified  for  the  latitude. 

Count  the  degrees  of  latitude  from  the  equator 
towards  the  elevated  pole,  and  where  it  ends,  is 
the  zenith.  To  this  point  fix  the  quadrant  of  alti¬ 
tude,  fo  as  the  graduated  edge  of  it  may  touch 
that  point. 

Bring  the  fun’s  place  in  the  ecliptic  to  the  me¬ 
ridian,  and  then  fet  the  hour  index  to  12  at  noon  j 
fo  the  globe  is  rectified  for  the  fun’s  place.  And 
if  your  place  be  brought  to  the  brafs  meridian, 
then  the  meridian  of  the  globe  will  coincide  with 
the  meridian  of  the  place,  and  the  globe  will  be 
in  the  fame  fituation  as  the  earth  at  noon, 

PROE.  VIL 

To  find  how  any  given  place  bears  from  your  place r 
upon  a  great  circle . 

Having  rectified  the  globe  for  your  latitude,  and 
fixed  the  quadrant  of  altitude  in  the  zenith,  by  the 
Jaft  Prob.  Turn  the  globe  about  till  your  place  come 
to  the  brafs  meridian,  there  flop  it ,  then  turn  the 

I  2  quadrant 
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quadrant  of  altitude  about,  till  it  pafs  thro5  the 
other  place,  let  it  reft  there ;  then  count  the  num¬ 
ber  of  degrees  upon  the  horizon  intercepted  be¬ 
tween  the  brafs  meridian  and  the  quadrant  of  al¬ 
titude,  and  that  will  be  the  angle  of  pofition. 

By  this  means  you  may  know  how  all  the  coun¬ 
tries  round  about  are  fituated  in  refpedb  of  your 
dwelling.  And  alfo  what  places  bear  upon  any 
point  of  the  compafs  you  deiire. 

P  R  O  B.  VIII. 

fT<0  find  the  ant<ecu  peri<£ci>  and  antipodes  to  any 
given  'place. 

Bring  the  given  place  to  the  meridian,  and  find 
its  latitude  •,  reckon  the  fame  number  of  degrees 
from  the  equator  to  the  contrary  pole,  and  where 
the  reckoning  ends  is  the  antasci. 

The  given  place  being  ftill  at  the  meridian,  fet 
the  hour  index  to  12  at  noon,  then  turn  the  globe 
about  till  the  index  points  to  12  at  night  *,  then  the 
place  in  the  fame  parallel  which  is  under  the  me¬ 
ridian,  is  the  place  of  the  periaeci. 

The  globe  having  this  laft  fituation,  that  place 
which  is  in  the  oppofite  parallel,  and  under  the 
meridian,  is  the  place  of  the  antipodes. 

PROS.  IX. 

•  *  .  *  .  * 

¥0  find  what  a  clock  it  is  at  any  given  place  \  when 
it  is  noon ,  or  any  other  hour  at  your  place. 

Rectify  the  globe,  and  bring  the  place  of  your 
habitation  to  the  brazen  meridian,  and  fet  the  in¬ 
dex  to  12  at  noon,  if  it  be  noon  at  your  place,  or 
elfe  to  the  given  hour  ;  then  turn  the  globe  about, 
till  the  given  place  comes  to  the  brafs  meridian-*. 
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and  then  the  index  will  point  to  the  given  hour  at  Fig. 
that  place. 

P  R  O  B.  X. 

*Tbe  hour  of  the  day  being  given  at  your  place  ;  to 
find  the  place  or  'places  where  it  is  noony  or  any  other 
hour  propofed. 

Redtify  the  globe,  and  bring  your  place  to  the 
meridian,  and  then  letting  it  reft,  fet  the  index  to 
the  hour  given  ;  then  turn  the  globe  round,  till  the 
index  points  to  12  at  noon,  if  it  is  noon  at  the 
other  place,  or  elfe  to  the  hour  given  at  that  place  ; 
and  then  all  the  places  lying  under  the  brafs  me¬ 
ridian  are  thefe  required  ;  or  where  they  reckon  that 
time  of  the  day. 

And  thus  all  thofe  places  are  found,  where  the 
fun  is  in  their  meridian  at  a  given  hour,  for  it  is 
then  j  2  a  clock  there. 

PROB.  XL 


( The  day  and  hour  being  given  ;  to  find  the  place  of 
the  earth  where  the  fun  is  vertical  at  that  time . 

Having  redlifted  the  globe  for  your  place;  get 
the  fun’s  place  for  that  time,  and  find  it  in  the 
ecliptic,  and  bring  it  to  the  brazen  meridian,  and 
mark  the  place  of  the  meridian  with  chalk.  Then 
turn  the  globe  about  till  your  place  comes  under 
the  meridian,  there  flop  it,  and  fet  the  index  to  the 
given  hour.  Then  turn  the  globe  about  till  the 
index  point  to  12  at  noon,  there  flop  it,  and  ob- 
ferve  what  place  is  under  the  mark  on  the  brazen 
meridian,  for  that  is  the  place  where  the  fun  is  yer- 
tical. 

You  may  obferve*  as  the  globe  turns  round* 
that  the  fun  will  be  vertical  fucceflively  to,  .all  .thefe 
places  that  lie  in  that  parallel. 

1  3 
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P  R  O  B.  XII. 


T o  find  all  the  places  where  the  fun  is  in  the  hori¬ 
zon  rifing  or  Jetting ,  at  a  given  hour. 

The  globe  being  rectified,  bring  the  fun’s  place 
in  the  ecliptic  to  the  brazen  meridian,  and  mark 
the  place  on  the  meridian.  Turn  the  globe  about 
till  your  place  comes  under  the  meridian,  then 
fet  the  index  to  the  given  hour  •,  then  turning  the 
globe  till  the  index  points  to  1 2  at  noon ;  ob- 
ferve  what  place  is  under  the  mark.  Bring  this 
place  into  the  zenith,  then  all  places  at  the  horizon 
will  be  the  places  where  the  fun  is  rifing  or  fetting, 
the  rifing  being  to  the  weft  fide,  and  the  fetting  to 
to  the  eaft. 

PROB,  XIII. 

To  find  what  a  clock  it  is  by  the  globe?  when  the 
fun  Jhines . 

Rectify  the  globe  to  the  latitude  of  your  place, 
and  fet  it  in  a  true  pofition  by  the  compafs  •,  then 
letting  the  fun’s  light  fall  upon  it,  obferve  on  the 
da^k  fide,  that  point  of  the ’equinoctial  that  fepa- 
rates  the  light  from  the  dark  part  •,  reckon  how 
many  times  *  5  degrees  is  contained  between  that 
point  and  the  horizon,  and  fo  many  hours  it  wants 
of  i2  a  clock,  if  the  dark  fide  is  on  the  weft ;  or  it 
,is  fo  many  hours  paft  12,  if  the  dark  fide  be  eaft~ 
ward. 

P  R  Q  B.  XIV. 

To  find  in  what  places  it  is  day ,  and  in  what  places 
"  right ,  at  a  given  time . 

This  is  done  by  Prob.  XII.  For  all  thole  places 
that  are  above  the  horizon  have,  day,  and  thofe 
,  ,  uncjer 
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under  it  have  night.  And  all  thofe  places  under  Fig. 
the  meridian  above  the  horizon  have  their  noon, 
and  all  places  under  the  meridian  below  the  hori¬ 
zon  have  their  midnight. 

/  i 

Otherwife. 

If  the  fun  fhines  it  may  be  done  thus  ;  redrify 
the  globe  according  to  the  latitude,  and  fet  it  due 
north  and  fouth  by  the  compafs.  Then  bring  your 
place  to  the  meridian,  and  in  this  pofition  let  the 
fun  ihine  upon  it,  and  it  will  be  day  to  all  the  illu¬ 
minated  part,  and  night  time  to  the  dark  part  of 
the  globe ;  and  fun  rile  or  fun  fet,  at  the  circle  fe- 
parating  the  light  from  the  dark  part. 

For  the  globe  is  now  in  a  like  pofition  as  the 
earth,  and  therefore  it  is  illuminated  in  the  very 
fame  manner  that  the  earth  itfelf  is  illuminated. 

PROB,  XV. 

To  find  the  time  of  fun  fifing  and  fet  ting. 

R  ectify  the  globe  according  to  the  latitude,  and 
bring  the  fun’s  place  to  the  brafs  meridian,  and 
then  fet  the  hour  index  to  1 2  at  noon.  Then  turn 
the  globe  about  till  the  fun’s  place  comes  to  the 
eaftern  fide  of  the  horizon  ;  then  the  index  will 
Ihew  the  time  of  fun  rifing ;  and  if  the  fun’s 
place,  by  turning  the  globe,  be  brought  to  the 
weftern  part  of  the  horizon,  the  index  will  fhew 
the  time  of  fun  fet. 

Hence  if  the  time  of  fun  let  be  doubled  it  gives 
the  length  of  the  day.  And  if  the  time  of  fun  rife 
be  doubled  it  gives  the  length  of  the  night* 

i 
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Fig. 


P  R  O  B.  XVI. 

To  find  the  time  of  day  break ,  or  the  end  of  twi¬ 
light  ^  on  a  given  day. 

Rectify  the  globe  to  the  latitude,  and  bring  the 
fun’s  place  to  the  brafs  meridian  ;  and  fet  the  hour 
index  to  12  a  clock  at  noon.  Then  turn  the  globe 
about  towards  the  eaft,  till  the  fun’s  place  be  18 
deg.  below  the  horizon,  or  the  oppofite  point  'of 
the  ecliptic  1 8  deg.  above  the  horizon,  and  then  it  • 
is  day  break,  and  the  index  ihews  the  time.  This 
diftance  of  18  deg.  maybe  meafured  with  a  pair  of 
compaifes  opened  to  that  diftance,  or  by  the  divi- 
fions  upon  the  quadrant  of  altitude.  Again,  turn 
the  globe  weflward  till  the  fun’s  place  in  the  eclip¬ 
tic  be  1 8  deg.  below  the  horizon,  and  then  the  hour 
index  will  fhew  the  time  when  twilight  ends. 

P  R  O  B,  XVII, 

To  find  what  cc  untries  have  no  dark  night  at  any 
time  prop  of ed. 

Bring  the  fun’s  place  at  the  given  time  to  the 
brafs  meridian,  and  count  his  declination  upon  the 
meridian,  which  is  always  towards  the  elevated 
pole.  Then  elevate  the  globe  fo,  that  the  height 
of  the  equinoctial  above  the  horizon  may  be  equal 
to  the  declination  4-  1 8  degrees.  Then  reckon  what 
height  the  pole  is  above  the  horizon,  which  will  be 
the  latitude,  where  twilight  begins  to  be  perpetual. 
Therefore  in  all  greater  latitudes,  fuch  people  as 
dwell  there,  will  have  no  dark  night,  but  twilight. 
Or  the  morning  twilight  will  begin  before  the  even¬ 
ing  twilight  ends. 


PRO  B. 
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Fig. 

P  R  O  B.  XVIII. 

,  ,  ...  ~  / 

To  find  in  what  latitude  the  fun  begins  to  pine  con  - 
flantly  without  fetting ,  at  a  given  time  of  the  year. 
Andalfo  at  what  latitude  in  the  oppofite  hemifphere , 
he  begins  to  be  totally  abfient. 

'  '  «  V  V 

Bring  the  fun’s  place  in  the  ecliptic  to  the  brafs 
meridian,  and  count  his  declination  upon  the  me¬ 
ridian,  and  that  will  be  the  complement  of  the  la¬ 
titude.  Therefore  reckon  the  fame  number  of 
degrees  from  the  pole  towards  the  equator,  upon 
the  meridian,  and  mark  the  place.  Then  turn  the 
globe  round,  and  all  the  places  palling  under  this 
mark,  are  thofe  in  which  the  fun  begins  to  fhine 
conflantly  without  fetting,  for  that  time.  Mark 
the  oppofite  point  of  the  brazen  meridian,  and 
turning  the  globe  round,  all  the  places  in  that  pa¬ 
rallel  under  the  mark  are  thofe  where  total  darknefs 
begins  *,  for  there  the  fun  begins  on  that  day  to  be 
quite  abfent,  or  totally  to  difappear. 

P  R  O  B.  XIX. 

To  find  the  length  of  the  longefi  day  or  night  in  any 
given  pace. 

Redtify  the  globe  to  the  latitude  of  the  place, 
and  mark  any  point  in  the  tropic  of  cancer  for 
north  latitude,  or  in  the  tropic  of  capricorn  for 
fouth  latitude.  Then  bring  that  mark  to  the  eafl 
fide  of  the  horizon,  and  fet  the  index  of  the  ho¬ 
rary  circle  to  12  a  clock  at  noon.  Turn  the  globe 
about  till  the  mark  in  the  tropic  comes  to  the  weft- 
ern  fide  of  the  horizon.  Then  obferve  upon  the 
hour  circle,  how  many  hours  the  hand  or  index  has 
gone  thro’  from  12  at  noon ;  and  that  is  the  length 
of  the  longefi  day,  as  alfo  of  the  longefi  night. 

And 
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Fig.  And  this  fubtradled  from  24,  leaves  the  length  of  the 
Aiorteft  night  or  fhorted  day,  at  the  given  place, 

PROS.  XX. 

*tbe  latitude  of  the  place  in  the  frigid  zone  being 
given ;  to  find  how  many  days  the  fun  fhines  conflantly 
upon  it, 

Redlify  the  globe  according  to  the  latitude*, 
then  turn  the  globe  about,  and  obferve  what  point 
of  the  fird  quadrant  of  the  ecliptic  falls  upon  the 
interfedlion  of  the  horizon  and  meridian  to  the 
north,  fuppofmg  the  place  lies  north  latitude. 
Find  that  point  of  the  ecliptic  upon  the  wooden 
horizon ;  and  againd  it  (lands  the  day  of  the  month 
when  the  fun  is  in  it.  And  then  the  longed  day 
begins  at  that  place. 

Again,  turn  the  globe  about  till  fome  point  of  the 
fecond  quadrant  of  the  ecliptic  falls  upon  the  north 
interfedlion  of  the  meridian  and  horizon  as  before  ; 
obferve  what  point  of  the  ecliptic  that  is,  and 
find  it  on  the  wooden  horizon,  and  againd  it  dands 
the  day  of  the  month  when  the  fun  is  there.  And 
at  that  time  the  longed  day  at  that  place  ends. 

Then  count  the  number  of  natural  days  contain¬ 
ed  between  the  beginning  and  ending  of  this  long¬ 
ed  day  ;  and  you  will  have  the  length  of  it.  And 
the  day  fird  found  is  the  day  of  his  appearance  % 
and  the  latter,  the  day  of  his  departure.  And  the 
number  of  natural  days  in  the  longed  night  is  the 
fame ;  and  begins  and  ends  at  the  fame  didance 
from  the  winter  foldice,  as  the  day  does  from  the 
fummer  one. 

Other  wife  thus , 

The  globe  being  elevated  according  to  the  lati¬ 
tude,  bring  the  foldicial  point  to  the  north  part  of 
the  meridian.  Then  reckon  the  complement  of 
‘  the 
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the  latitude  from  each  fide  of  the  equator  upon  the  Fig. 
meridian,  and  mark  the  places  where  the  reckoning 
ends.  Then  turn  the  globe  carefully  about,  and 
obferve  what  two  degrees  of  the  ecliptic  comes  un¬ 
der  the  northern  mark  *,  then  the  intercepted  arch 
of  the  ecliptic,  reduced  to  time,  gives  the  num¬ 
ber  of  days  that  the  fun  conftantly  fhines,  or  re¬ 
mains  above  the  horizon  of  the  place  ;  which  is 
the  length  of  the  longed  day  there.  And  the  op- 
pofite  arch  equal  to  it,  gives  the  number  of  days 
he  is  abfent,  or  the  length  of  the  night.  Or  ob- 
lerving  the  points  of  the  ecliptic  palling  under  the 
fouthern  mark,  the  contained  arch  reduced  to  time, 
gives  the  length  of  the  night. 

The  elevation  of  the  pole  continuing  the  fame, 
obferve  the  two  degrees  of  the  ecliptic  that  come 
under  the  north  mark,  and  find  them  on  the  wood¬ 
en  horizon,  and  you  will  have  the  days  that  the  fun 
is  in  thefe  points,  which  days  are  thofe  of  the  firft 
and  laft  appearance  of  the  fun.  And  if  the  points 
of  the  ecliptic,  that  come  under  the  fouth  mark, 
be  obferved,  you  will  find  on  the  wooden  horizon 
the  correfpondent  days  when  the  long  night  be¬ 
gins  and  ends  in  that  place. 
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SECT.  III. 


The  "Theory  of  Navigation ,  Spherical , 
and  Spheroidical .  With  the  Solution 

of  fome  uncommon  Cafes.  The  ac¬ 
tual  Solution  in  Numbers ,  of  the 
common  Cafes  of  Sailings  by  the  Sphe¬ 
roid  ;  and  likewife  of  thefe  in  parallel 
Sailing.  Rules  for  correSling 
Reckoning .  Of  taking  Altitudes. 


a 


HAVING  formerly  writ  a  pra&ical  book  of 
Navigation,  calculated  entirely  for  the  ufe 
of  fuch  as  frequent  the  fea,  I  fhall  here  only  ex¬ 
tract  from  it,  fo  much  of  the  theory  as  is  proper 
for  a  courfe  of  mathematics.  To  which  J  fhall 
add  fome  things  that  were  omitted  there,  or  but 
flightly  touched,  as  being  lefs  neceflary  for  failors ; 
but  ferve  for  compleating  the  theory*  But  as  to 
the  pra&ical  part,  which  is  the  mod  neceflary 
thing  for  feamen,  I  {hall  meddle  very  little  with 
it  here.  Yet  if  any  perfon  wants  farther  fatisfac- 
tion  in  that  point,  he  may  confult  the  other  book 
at  his  leifure. 


DEFINITIONS. 

D  E  F.  I. 

Navigation^  the  art  of  computing  a  fhip’s  way, 
and  guiding  her  thro*  the  fea,  in  failing  from  one 
place  to  another. 
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Difference  of  latitude  of  two  places,  is  an  arch 
of  the  meridian  contained  between  two  parallels 
paffing  thro’  thefe  places. 

D  E  F.  III. 


Difference  of  longitude ,  is  an  arch  of  the  equa« 
tor  contained  between  the  meridians  of  any  two 
places. 

D  E  F.  IV. 

Meridional  diftance ,  is  the  diftance  in  the  parallel 
of  the  place  you  are  in,  from  the  meridian  of  the 
place  you  came  from. 


D  E  F.  V. 

Rumb ,  is  the  line  or  way  a  fhip  defcribes  while 
Ihe  fails  upon  any  one  point  of  the  compafs,  and 
cuts  all  the  meridians  at  the  fame  angle. 

D  E  F.  VI. 

Courfe ,  is  the  angle  which  the  rumb  or  fhip’s  way 
makes  with  the  meridian. 


DEF.  VII. 

Departure ,  is  the  whole  eafting  or  welling  a  fhip 
continually  makes,  in  any  Angle  courfe. 

DEF.  VIII. 

1 . 

Plain  failing ,  is  the  art  of  computing  a  fhip's 
way  by  plain  trigonometry,  in  regard  to  her  dif¬ 
ference  of  latitude  and  departure. 

DEF.  IX. 

Middle  latitude  failing ,  is  a  method  of  .compu¬ 
ting  the  place  of  a  fhip  as  to  longitude,  by  help  of 
the  middle  latitude*  which  is  the  latitude  lying  in 

the 
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Fig- the  middle  way  between  the  two  places  of  the 
fhip. 

D  E  F»  X. 

Mercator's  or  Wright's  failing ,  is  the  method  of 
computing  a  fhip’s  place  as  to  longitude,  by  help 
of  a  table  of  meridional  parts. 

Inttruments  ufed  in  Navigation. 

t.  Charts.  Thefe  are  maps  of  the  fea  and  fea 
coafts,  and  are  generally  conttru&ed  by  Mercator’s 
proje&icn,  where  the  meridians  are  all  parallel, 
and  the  degrees  of  longitude  equal  in  all  latitudes, 
and  the  degrees  of  the  meridian  increafe  towards 
the  poles,  in  the  ratio  of  the  cof.  latitude  to  the 
radius.  Thefe  forts  of  charts  are  fitted  for  the 
bailors  ufe. 

2.  "The  Cotnpafs.  This  is  divided  into  32  points 
or  rumbs  ,  by  this  the  fhip  is  fleered,  upon  any 
courfe.  For  the  needle  always  points  to  the 
north,  except  fo  far  as  it  deviates  by  the  variation , 
which  is  the  difference  between  the  true  and  the 
magnetical  meridian,  eatt  or  weft.  An  azimuth 
cempafs  has  befides,  an  index  with  a  thread  and 
two  fights,  and  is  moveable  about  the  center.  Its 
ufe  is,  to  take  the  azimuth  of  the  fun  or  a  flar. 

3.  The  Log  line  \  which  is  a  cord  divided  into 
feveral  parts  called  knots,  and  the  end  is  fattened 
to  the  log.  Its  ufe  is  to  meafure  the  fhip’s  mo* 
tion,  and  is  heaved  into  the  fea  every  two  hours ; 
and  the  length  run  off,  is  known  by  a  half  minute 
glafs.  For  fo  many  knots  as  are  run  off,  fo  many 
miles  the  fhip  fails  an  hour. 

4.  The  Sea  quadrant ,  commonly  called  Davis's 
quadrant.  This  is  an  inftrurirent  to  take  the  fun’s 
altitude. 

5.  Hadlef  $  quadrant ,  another  inftrument  for  ta- 

king 
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king  the  altitude  of  the  fun  or  a  ftar  *,  and  is  the  bettFig. 
inftrument  for  that  purpofe. 

6.  The  Crcfs  (iajf  or  fore  ftaff^  this  is  alio  ufed 
for  taking  altitudes. 

7.  The  Leaf  this  is  fattened  to  a  line  divided  into 
fathoms,  and  is  ufed  for  founding  the  depth  of 
the  fea. 

PROP.  I. 

In  plain  failings  that  is ,  where  no  longitude  is  con¬ 
cerned  ;  as  radius  :  to  the  difiance  run  :  :  Jo  the  fine 
of  the  oourfe  :  to  the  departure . 

Let  P  be  the  pole,  HL  the  equinoctial,  A  the  13. 
place  of  a  fhip,  PAH  a  meridian  palling  thro  it, 
ADFQ^the  rumb  or  way  of  the  fhip.  Divide  the 
meridian  AP  into  an  infinite  number  of  equal  parts, 
at  k ,  y9  #,  Sec.  and  thro3  thefe  points  draw  the 
parallels  of  latitude  &B,  ^C,  #D,  &c.  to  cut  the 
rumb  in  B,  C,  D,  See.  thro3  which  points  draw 
the  meridians  PB,  PC,  PD,  Sec.  cutting  the  equi¬ 
noaial  in  /,  f  r,  Sec.  By  thefeveral  interfebtions 
of  the  parallels  and  meridians,  and  the  rumb, 
there  will  be  made  an  infinite  number  of  fmall  ele¬ 
mentary  triangles  A B£,  BC>,  CD^,  Sec.  all  equal 
and  fimiiar.  For  all  the  fides  Ak,  B \p9  Cg ,  Sec,. 
are  equal  by  conftrudtion,  for  B p  ~  ky,  and  Cg 
~  yx ,  Sec.  and  the  angles  MB,  pBC,  ^CD,  Sec. 
are  equal  by  Def.  V.  therefore  (Geom.  II.  y.)  all 
the  parts  of  the  rumb,  AB,  BC,  CD,  &c.  are 
equal,  and  alfo  the  fides  kR,  pC ,  ^D,  Sec.  Now 
in  any  one  of  thefe  triangles  AB£,  it  will  b.e,  by 
plain  trigonometry,  as  rad  :  f.  MB  :  :  AB  :  kB 
:  :  BC  :  pQ  :  :  CD  :^D,  &c.  and  by  compofition, 
rad  :  f.  £AB  :  :  AB  +  BC  +  CD,  Sec.  :  kB  4* 
pC  +  ^D,  Sec.  But  when  the  fhip  arrives  at  F, 

AB  -b  BC  4-  CD,  Sec.  zz  AF  the  ciiftance  run; 
and  iB  4-  p£  +  gD,  Sec.  is  the  departure  .  by 

Def. 
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Fig.  Def.  VII.  Therefore  it  is,  rad  :  f.  £AB  :  :  diftance 
13.  run  :  departure.  And  alternately  rad  :  diftance 
run  : :  f.  courfe  V£AB  by  Def.  VI.)  :  departure. 

Cor.  i .  As  radius  :  difiance  run  : :  cofi  courfe  :  diff. 
latitude . 

For  rad  :  f*.  £B  A  :  :  AB  :  Ak  :  :  BC  :  Bp :  :  CD  : 
Qr>  &c. :  :  (by  compolition)  AB  4-  BC  4-  CD,  &x. 
:  Ak  4*  Bp  4-  Cg,  &c.  or  Ak  +  ky  -f  yx>  &c. 
But  when  the  fhip  comes  to  F,  AB  4-  BC  4-  CD, 
&c.  zz  AF  the  diftance  run,  and  Ak  +  ky  4-  yxy 
&c.  ~  AR  the  difference  of  latitude.  Therefore 
rad  :  f.  £BA  or  cof.  courfe :  :  diftance  run  AF  :  dif. 
lat.  AR.  Or  alternately,  rad  :  diftance  run  AF  :  : 
cof.  courfe :  dif.  lat.  AR 

Cor.  2.  As  rad :  dijf.  latitude : :  tan .  courfe :  depar¬ 
ture* 

For  by  this  Prop,  rad  :  diftance  :  :  f.  courfe  :  de¬ 
parture  :  :  (Cor.  1.)  cof.  courfe  :  dif.  latitude.  And 
alternately,  dif  latitude  :  departure:  :  cof.  courfe: 
i.  courle  :  :  (trigonometry)  rad  :  tan.  courfe. 

Cor.  3.  Hence ,  if  a  fhip  moves  uniformly  along  its 
rumb  line ,  it  approaches  the  pole  uniformly . 

For  if  all  the  lines  AB,  BC,  CD,  are  equal  ; 
then  ail  the  lines  Aky  ky ,  yx  are  equal,  and  defcri- 
bed  in  equal  times.  And  hence  appears  the  ab- 
lurdity  of  what  fome  people  afiert,  that  the  rumb 
can  never  reach  the  pole.  For  if  this  was  true, 
then  a  (hip  keeping  always  in  the  rumb,  could  ne¬ 
ver  reach  the  pole,  tho’  fhe  approaches  it  uniform¬ 
ly.  V/  inch  is  a  direft  abfurdity. 

Cor.  4.  If  two  fhips  fail  from  A  at  once ,  one  along 
the  meridian  AP,  with  velocity  AK  *,  the  other  in  the 
rumb  AF,  with  velocity  AB  \  they  will  both  meet  in 
the  pole  at  once. 

It  cannot  be  denied,  that  the  firft  fhip  will  get 

to 
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to  the  pole  in  a  finite  time,  which  is  eafily  deter-  Fig* 
mined  from  the  velocity  along  AP.  And  in  every  130 
point  of  tittle,  they  will  be  both  in  the  fame  paral¬ 
lel  of  latitude*  Thus  they  will  be  at  K  and  B,  at 
y  and  C,  at  x  and  D,  at  R  and  F,  at  once.  And 
therefore  when  the  firft  fiiip  is  at  P,  the  fecond 
cannot  be  fuppofed  to  be  fhort  of  it  without  an  ab- 
furdity.  And  it  is  the  fame  thing  if  you  take  two 
points  inftead  of  the  two  fiiips. 

Cor.  5.  As  cofi  courfe  :  radius  :  :  fo  length  of  the 
meridian  AP  :  to  the  whole  length  of  the  fpiral  AQP. 

Cor.-  6.  Hence ,  the  difiance  run ,  the  difference  of 
latitude j  and  the  departure  being  laid  out  in  right 
lines ;  they  will  form  a  true  right  angled  plain  trian • 

gle-  ,  • 

For  make  RA  zz  RA  (fig.  13.)  and  angle  RAF  14. 
zz  RAF*  Then  fuppofe  therumb  AF  to  be  unbent, 
or  drawn  back  into  a  flraight  line,  and  laid  upon 
AF  (fig.  14).  The  points  B,  C,  D,  will  fall  upon  B, 

C,  D,  and  the  lines  &B,  pC,  upon  £B,  pC, 
in  the  two  figures ;  becaufe  the  angles  at  B,  C,  D, 
being  equal  j  the  lines  B&,  Cp,  D g,  are  all  paral¬ 
lel  to  FR.  And  therefore  the  perpendicular  RF 
being  equal  to  all  the  lines  hB,  p C,  g D,  &c.  will 
be  equal  to  the  departure.  And  fo  thefe  three 
lines  make  the  right  angled  triangle  ARF. 

Cor.  7.  Hence ,  the  fquare  of  the  diftance  mn9  is 
equal  to  the  fum  of  the  fquares  of  the  departure  and 
difference  of  latitude . 

Cor.  8.  This  Prop .  and  Corollaries  will  refolve  all 
the  cafes  of  plane  failings  being  thofe  where  no  longi¬ 
tude  is  concerned . 

There  are  fix  cales  of  plane  failing,  and  they 
are  all  folved  by  working  thefe  proportions  for¬ 
ward  or  backward,  according  to  the  different  data. 

K  S  C  H  O  L. 
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Scholium. 

Having  made  fome  remarks,  in  my  book  of 
Navigation,  on  the  nature  of  plane  failing;  I  (hall 
here  confider  it  more  particularly.  And  I  fay, 

13-  1.  That  meridional  diftance,  departure,  and  dif¬ 

ference  of  longitude,  are  all  effentially  different. 
Let  a  fhip  fail  from  A  to  F  ;  when  fhe  comes  at 
F,  fhe  will  have  made  the  meridional  diftance  RF, 
and  departure  +  gL,  &c.  and  difference 

of  longitude  HL.  Now  the  meridional  diftance 
RF  or  Km  4*  mn  +  no,  &c.  is  lefs  than  the  depar¬ 
ture  kP  +  pC  +  gD,  &c.  and  this  departure  is 
lefs  than  the  longitude  HL  or  H/  +  ts  &c. 

All  this  is  plain  from  the  converging  of  the  meridi¬ 
ans  towards  the  pole.  Again,  if  a  lhip  fails  from 
F  to  A ;  fhe  makes  the  meridional  diftance  Az, 
which  is  greater  than  the  former  RF ;  and  is  like- 
wife  greater  than  the  departure  £B  +  pC  +  gD, 
&c.  but  lefs  ftill  than  the  difference  of  longitude. 
Here  then  in  the  fame  courfe  back  and  forward, 
the  departure  and  difference  of  longitude  continue 
die  fame,  but  the  meridional  diftance  is  different, 
being  lefs  towards  the  pole,  and  greater  towards 
the  equinodlial. 

2.  If  a  plain  chart  be  conftrudled,  fo  that  the 
meridians  be  parallel  to  one  another,  and  the  de¬ 
grees  of  latitude  every  where  equal,  and  alfo  equal 
to  the  degrees  of  longitude  at  the  equator  ;  then  if 
the  way  of  a  fhip  be  laid  down  upon  fuch  a  chart, 
according  to  the  courfe  and  diftance,  the  depar¬ 
ture  and  difference  of  latitude  will  be  truly  found, 
as  to  their  magnitude  ;  but  the  place  of  the  fftip 
will  have  a  wrong  fnuation  in  reipedt  of  the  me¬ 
ridians,  by  reafon  of  the  parallelifm  of  the  meridi¬ 
ans,  that  ought  to  converge  to  the  pole.  And 
hence  any  trayerfe  or  compound  courfe  laid  down 
upon  fuch  a  chart  will  give  all  the  places  of  the  fhip 
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in  a  wrong  fituation,  in  refped  of  the  meridians  ;Fig. 
and  confequently  in  refped  to  one  another.  For  14. 
that  reafon  the  plane  chart  is  erroneous,  except  in 
places  near  the  equator,  where  the  meridians  are 
nearly  parallel.  Yet  in  a  fmall  compafs,  as  in  a 
day’s  run,  the  error  will  not  be  fenfible  in  any  la¬ 
titude.  For  in  fo  fmall  a  compafs,  the  meridians 
continue  parallel  as  to  fenfe  ;  and  therefore  a  traverfe 
may  be  wrought  exaft  enough  for  the  length  of  24 
hours,  as  is  the  common  pra&ice.  But  the  error 
of  the  plane  chart  does  not  affetff  the  prefent  pro¬ 
portion,  for  this  will  give  the  departure  truly,  for 
any  courfe  tho’  never  fo  long. 

3.  Hence  it  follows,  that  the  triangle  ARF  in  14, 
this  chart  will  be  fuch,  that  if  AR  be  the  true  dif¬ 
ference  of  latitude,  AF  will  be  the  true  diflance 

( ADF)  upon  the  globe,  RAF  the  true  courfe  (&AB,) 
and  RF  the  true  departure;  and  therefore  this 
conftrudion  is  true,  and  gives  us  a  true  way  of 
failing.  It  is  no  objection  to  fay,  that  it  does  not 
give  the  longitude  truly,  for  that  is  inconfiftent 
with  its  nature.  A  man  may  as  well  fay  that  Mer¬ 
cator’s  projedion  is  falfe,  becaufe  it  does  not  give 
the  diftance  or  difference  of  latitude  truly.  For 
by  its  nature  and  conftrudion  it  is  only  to  give  the 
longitude  truly.  In  fhort,  both  conftrudions  are 
true,  according  to  their  fevcral  natures.  Plain  fail¬ 
ing  is  true  fo  far  as  courfe,  diftance,  difference  of 
latitude  and  departure  are  concerned ;  and  Mer¬ 
cator’s  is  true  fo  far  as  the  longitude  is  concerned ; 
but  one  of  them  cannot  anfwer  for  the  other. 

4.  What  has  been  faid  relates  to  a  fingle  courfe  13. 
as  ADF,  w-hofe  angle  of  the  courfe  is  £AB.  But 
inftead  of  failing  diredly  from  A  to  F,  if  a  fnip 
fhould  fail  to  R  and  then  to  F ;  the  departure  a  - 
long  AR  would  be  nothing  ;  and  along  RF,  would 

be  equal  toRF;  for  in  any  parallel  the  diftance 
and  departure1  are  the  fame.  And  confequently 
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Fig.  the  departure  in  thefe  two  courfes,  is  lefs  than  in 

13.  the  Angle  courfe  AF.  Likewife  a  fhip  failing  back 
from  F  to  A,  will  make  the  fame  departure  as 
from  A  to  F  *,  and  from  F  to  R  and  A,  the  fame 
as  from  A  to  R  and  F.  But  if  fhe  fails  from  F  to 

and  then  to  A,  fhe  makes  no  departure  along 
Fz ;  and  from  z  to  A,  fhe  makes  the  departure 
zAv  which  is  greater  than  from  F  to  A.  Therefore 
a  fhip  running  upon  feveral  courfes,  makes  a  lefs 
departure  when  nearer  the  pole,  and  a  greater 
when  nearer  the  equinodtial,  than  in  a  direct  courfe 
to  the  lame  place.  But  in  fmall  diftances,  as  a  day’s 
run,  the  difference  will  be  infenfible. 

5.  Since  the  departure  in  the  courfe  AF,  is 
greater  than  the  meridional  diflance  RF,  and  lef- 
fer  than  it  will  be  very  near  a  mean  between 
them ;  anu  therefore  the  departure  will  be  very 
near  the  meridional  diflance  lying  in  the  mid» 
die  latitude  between  A  and  F. 

6.  The  departure  in  fome  of  the  cafes,  is  the 
mofl  proper  and  natural  medium,  for  finding  the 
longitude.  And  therefore  I  cannot  but  be  furpri- 
fed  at  thofe  authors  that  exclude  it  from  the  prac» 
tice  of  navigation,  at  the  fame  time  they  are  for¬ 
ced  to  make  ufe  of  it,  or  what  is  equivalent  to  it, 
for  the  fame  purpofe.  For  iiiflead  of  RF,  they 

1 4.  do  not  fcruple  to  take  the  V/AF' — AR%  as  if  that 

was  not  the  fame  thing  •,  when  it  might  eafily  be 
had  by  a  Ample  proportion  in  this  propofition. 
And  they  are  fometimes  forced  to  ufe  the  enlarged 
diAance  upon  Mercator’s  chart ;  a  line  which  there 
is  no  manner  of  occafion  for,  but  for  fuch  a  fhift 
by  which  means,  they  give  us  the  mofl  clumfy  fo- 
lutions  imaginable.  Such  is  the  unaccountable 
prejudice  of  fome  people.  But  further, 

1  j,  y.l  fay,  this  Prop,  is  true,  not  only  in  the  fphere, 
but  in  the  fpheroid,  or  on  the  iurface  of  any  folid, 
generated  by  revolving  round  an  axis,  and  even  up- 
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on  a  plane  or  cylindric  furface.  For  fince  all  theEig. 
angles  LAB,  pBC,  ^CD,  &c.  are  equal,  by  the  na-  13. 
ture  of  the  rumb  j  the  elementary  triangles  are  all 
fimilar  and  equal  j  and  therefore  the  fame  conclu- 
lions  will  follow  as  before,  viz.  that  rad :  diftance  run 
: :  f.  courfe  :  departure  :  :  cof.  courfe  :  diff.  latitude. 

And  rad  :  diff.  latitude  :  :  tan.  courfe  :  departure, 
whatever  fort  of  a  folid  it  is.  And  the  diftance, 
diff.  latitude,  and  departure  will  make  a  right  an¬ 
gled  triangle  as  before.  So  far  is  this  Prop,  from 
being  falfe,  that  it  is  univerfally  true,  whatever 
fort  of  a  line  the  meridian  is  ;  and  therefore  it  can 
never  lead  into  any  error.  I  fhall  only  add,  that 
in  a  fingle  day’s  run,  where  the  latitude  is  little  va¬ 
ried,  the  (fum  or  difference)  of  all  the  depar¬ 
tures  made  by  different  courfes,  in  that  time,  will 
be  the  fame  as  the  fingle  departure,  made  between 
the  firft  and  laft  place  of  the  fhip  •,  which  will 
come  to  the  fame  as  the  meridional  diftance,  for 
that  latitude.  And  this  is  the  very  pradtice  of  all 
feamen  *,  to  find  the  eaftings  and  weftings  for  every 
feparate  courfe,  and  then  take  the  total  amount 
(that  is  the  fum  or  difference)  for  the  departure. 

A  method  fo  eafy,  natural,  and  expeditious,  that 
it  is  impoffible  to  invent  any  thing  that  can  in  this 
refpedt  exceed  it ;  and  therefore  the  Navigator  need 
make  no  fcruple  of  continuing  his  pradtice.  And 
fo  much  for  plane  failing. 

PROP.  XL 

In  parallel  or  eajl  and  weft  failing  ;  cof  latitude  1 
radius  :  :  diftance  of  two  places  in  any  parallel :  dif¬ 
ference  of  longitude . 

Let  RF  be  the  diftance  in  that  parallel,  then  l  ? 
HL  will  be  the  difference  of  longitude.  The  co-  * 
fine  of  latitude  is  the  radius  of  the  parallel,  and 
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Fig.  the  radius  of  the  equinoctial  is  the  radius  of  the 
13.  fphere  •,  and  the  radii  of  all  circles  are  as  any  fi- 
milar  parts  of  the  circumferences,  as  a  degree,  &c. 
Therefore  cof.  latitude  at  R  :  radius  :  :  dijlance 
Rh  :  difiance  FIR  on  the  equinoctial^  which  is  the 
difference  of  longitude.  This  has  likewife  been 
demonitrated  in  Prop.  1 5,  Sect.  I. 

Cor.  1.  Ihe  length  of  a  degree  in  any  parallel^  is 
as  the  cofme  of  latitude . 

Cor.  2.  This  Prop  will  folve  all  the  cafes  of  pa¬ 
rallel  failings  which  are  3  ;  by  working  the  proportion 
backwards  or  forwards ,  as  occafion  requires . 

PROP.  III. 

By  middle  latitude  failings  as  cof  middle  latitude  : 
radius  :  :  departure  :  difference  of  longitude. 

Suppofe  a  fhip  fails  from  A  to  F,  making  the 
difference  of  longitude  HL.  Then  fince  the  de¬ 
parture  +  pC  4-  gD,  &c.  is  greater  than  the 
meridional  diftance  RF,  andlefs  than  the  meridion¬ 
al  diftance  A  2;  ^  and  if  x  be  taken  in  the  middle 
between  A  and  R,  then  xw9  which  is  a  mean  be¬ 
tween  RF  and;,A^,  is  nearly  equal  to  the  departure, 
or  the  fum  off  the  lines  kB  +  pC  +  ^D,  &c.  there¬ 
fore  if  xw  be  taken  for  the  departure  j  then  by  the 
laft  Prop,  it  is,  as  cof.  of  the  lat.  of  x  :  radius  :  : 
fo  is  xw  :  HL.;  ‘  That  is,  as  cof  middle  latitude  : 
radius  :  :  departure  :  difference  off  longitude. 

4  „  h /A 

Cor.  1.  As  cof.  middle  latitude  :  f.  courfe  :  :  dif¬ 
tance  run  :  difference  of  longitude. 

For  cof  middle  lat.  :  rad :  :  departure  :  dif.  long, 
and  (Pr,  I.)  rad  :  dift.  :  :  1.  courfe  :  departure. 
Therefore  cof  mid.  lat. :  did. : :  f  courfe  :  dif.  long. 

Cor, 
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Cor.  2.  Cofine  of  middle  latitude  :  tan.  ccurfe  :  : 
difference  of  latitude  :  difference  of  longitude. 

For  cof.  mid.  lat.  :  rad  :  :  departure  :  dif.  longi¬ 
tude,  and  (Cor.  2.  I.)  rad  :  dif.  latitude  :  :  tan. 
courfe  :  departure. 

Therefore, 

Cof.  mid.  lat.  :  dif.  lat.  :  :  tan.  courfe  :  dif.  long. 

Cor.  3.  ^his  Prop,  and  Corollaries  will  ref olve  all 
the  cafes  of  failing ,  where  the  longitude  is  concerned , 
and  very  near  the  truths  if  the  courfe  he  not  too  lopg « 

Scholium. 

This  method  of  failing  is  very  Ihort  and  eafy, 
and  alfo  very  exa£t  in  Ihort  courfes ;  and  does  not 
differ  much  in  long  courfes,  and  therefore  is  a  ve¬ 
ry  ufeful  approximation.  And  I  believe  I  fhall  ne¬ 
ver  live  to  lee  a  fhip  fail  to  that  exa&nefs,  and  this 
Prop,  can  determine  it.  And  as  this  method  is  fo 
eafy,  and  performed  without  any  other  tables  than 
the  common  ones  •,  it  is  ftrange  that  any  perfon 
fhould  condemn  or  depreciate  it.  Nothing  will  go 
down  with  fuch  people,  but  rules  formed  to  the 
utmoft  accuracy,  as  if  any  fhip  could  fail  by  fuch 
rules.  Sailing  or  guiding  a  fhip  at  fea,  is  but  a 
mechanical  art,  and  cannot  be  executed  to  any 
great  degree  of  exa&nefs.  And  therefore  it  is 
needlefs  to  infill  upon  rules  made  to  the  utmoft 
geometrical  rigour  *,  and  the  difficulty  that  attends 
the  computation  of  a  flip’s  way  by  fuch  rules,  is 
fufficient  to  caufe  them  to  be  laid  afide,  when  eafier 
will  do  as  well.  But  when  navigation  is  fo  far  im¬ 
proved,  as  that  a  fhip  can  fail  to  any  degree  of  ex- 
aftnefs,  it  will  be  time  then  to  feek  out  fuch  rules 
as  are  perfect  and  accurate,  and  adequate  to  that 
end. 


i%6 

Fig. 
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PROP.  IV. 

Fhe  length  of  a  minute  on  the  fphere  :  is  to  the 
length  of  a  minute  on  the  meridian  of  Mercator’s  chart , 
for  any  latitude  :  :  as  the  cof  of  latitude  :  to  radius . 


15*  For  fince  the  rumb  cuts  all  the  meridians  at  the 
fame  angle,  in  order  to  have  the  rumb  a  right  line, 
all  the  meridians  mull  be  parallel ;  whence  every 
cofine  will  become  equal  to  the  radius.  Therefore 
every  particle  on  the  fphere,  muft  be  increafed  pro¬ 
portionally,  that  is,  as  the  cofine  of  the  latitude  of 
that  point,  is  to  the  radius.  Therefore  fince  the 
radius  of  the  parallel  is  made  equal  to  the  radius 
of  the  fphere,  a  minute  on  the  globe  muft  alfo 
be  increafed  in  that  proportion.  And  therefore  as 
cof.  lat :  rad  : :  fo  a  minute  on  the  globe,  to  a  minute, 
in  the  meridian  line. 


Cor.  1.  From  hence ,  by  the  method  of  fluxions , 
way  be  calculated  the  length  of  the  meridian  line  in  the 
chart ,  or  the  meridional  parts  for  any  latitude. 

Let  AC  be  the  radius  of  the  equino&ial,  AB 
the  latitude,  draw  BD,  CG  perp.  to  AC,  and  BE 
parallel  to  it,  and  let  B b  be  a  minute  ,  draw  bn  paral¬ 
lel  to  BD.  And  put  CA  zr  r,  arch  AB  zz 
DB  z:  y,  BE  zz  x,  and  2;  zz  length  of  the  meri¬ 
dian  line  for  the  lat.  AB.  The  triangles  BDC  and 
B rib  are  fimilar  ;  whence  CD  (x)  :  CB  (r) :  :  bn  : 

Bb  zz  —  X  bn.  And  by  this  Prop.  BE  ( x )  :  AC 
x 


(r)  :  :  B b 


:  a  minute  of  the  meridian 


line  in  the  chart 


Now,  if  for  thefe 


xx 

ftnall  lines  we  put  the  fluxions,  we  (hall  have 


&  = 
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•,  and  t;he  fluent  is  2:  rr^1^ 
rr  —  yy  1 5. 


rr  •  rry 
z  rr  — y  rr  y 

XX 


±122jS5r  x  Log.  .  £+j 

2  r — j 

Cor.  2.  Therefore  z  rr  yinto  log . :  <r<?- 

tangent  of  half  the  complement  of  the  latitude  — 
/^. :  radius  (10). 

For  %  rr  — ~  r  X  log. :  rr  2.302?*  X 

2  r — y 

log.  :  But  Schol.  Prop.  II.  Trigon.) 

v  r  —  y 

rJr.  +  y- 


rr  cot.  4arch,  that  y  is  the  cofine  of 


r  —  y 


rr  cot.  4BG  rr  cotang,  half  the  complement  of  the 

,  .  .  ,XT1  _  .  cotan.  4com.  lat. 

latitude.  Whence 2. 302rxlog.. — - - — — — — 

r 

Cor.  3 .  Since  the  meridional  parts  are  expreffed  in 

minutes ,  we  jhall have  %  rr  79 1 5.7  x  log - - — 

tan .  to. 

2.20258  x  180  X  60  , 

For  — 2 — 2 - rr  7915.705,  and 

3*I4I59 

cot.  4-  comp.  lat.  r  , 

- - - - - *— - — by  trigono¬ 


metry. 


tan.  f  com.  lat. 
PROP.  V. 


In  Mercator's  failing ,  as  proper  difference  of  lati¬ 
tude  :  to  meridional  difference  of  latitude  :  :  fo  the  de¬ 
parture  :  to  the  difference  of  longitude . 

Let  A,  F  be  two  places  on  the  globe,  ADF  the  13., 
rumb  leading  from  one  to  the  other.  And  if  the 
difference  of  latitude  AR  be  divided  into  an  infi¬ 
nite  number  of  equal  parts,  and  the  parallels  of 
latitude  drawn  thro’  the  points  of  divifion  \  there 

will 
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Fig.  will  be  formed  an  infinite  number  of  triangles  £AB, 
13.  pBC,  gCD,  &c.  which  have  been  proved  (Prop.  I.) 
to  be  fimilar  and  equal.  And  upon  Mercator’s 
chart,  thefe  triangles  will  be  projected  into  others 
fimilar  to  them.  For  by  the  laft  Prop.  Ak  will  be 
to  its  length  on  the  chart,  as  cof.  HA  to  radius. 
And  fince  the  radius  of  the  parallel  at  A,  is  in- 
creafed  to  the  radius  of  the  fphere ;  any  part  of 
the  circumference  will  be  increafed  in  the  fame 
proportion ;  therefore  £33,  will  be  to  its  length  on 
the  chart,  as  cof.  HA  or  H£  to  radius.  And 
therefore  the  triangle  £AB  will  be  fimilar  to  its  pro¬ 
jection  on  the  chart ;  and  all  the  triangles  on  the 
globe  will  be  fimilar  to  thole  on  the  chart.  And 
therefore  it  will  be  as  Ak  to  £B,  fo  the  fum  of  all 
the  Tides  Ak,  Bp,  Cg ,  &c.  to  the  fum  of  all  the  * 
Tides  £B,  pC,  gD,  &c.  upon  the  globe*,  and  To 
is  the  Turn  of  all  the  Tides  Ak,  Bp,  Cg,  &c.  to  the 
Turn  of  all  the  Tides  £B,  pC,  ^D,  &c.  on  the  chart. 
But  the  fum  of  Ak,  Bp,  Cg,  &c.  on  the  globe  is 
the  proper  difference  of  latitude.  And  the  fum  of 
£B,  pC,  gD,  &c.  is  the  departure.  Alfo  the  fum 
of  Ak,  Bp,  Cg,  &c.  on  the  chart,  is  the  meridion¬ 
al  difference  of  latitude  ;  laflly,  the  fum  of  £B, 
<?D>  &c.  on  the  chart  is  the  difference  of  lon¬ 
gitude,  fince  any  one  £B  is  projected  into  its  dif, 
longitude.  Whence  this  proportion  follows,  as 
proper  difference  of  latitude  :  departure  :  :  fo  me¬ 
ridional  difference  of  latitude  :  to  difference  of  lon¬ 
gitude,  of  the  places  A  and  F. 

Cor.  1.  As  radius  :  to  tangent  of  the  courfe  :  :  fo 
meridional  difference  of  latitude :  to  difference  of  Ion- 

rad  :  tan.  courfe  :  :  diff. 
latitude  :  :  to  the  departure  :  :  (by  this)  meridional 
did”,  latitude  :  diff.  longitude. 

Cor. 


gitude. 

For  (Cor.  2.  Prop.  I.) 
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Cor.  2.  As  the  number ,  00012633-:  to  the  tan- Fig* 
gent  of  the  courfe  :  :  fo  the  diff.  of  log  :  tangents  of  13. 
half  the  complements  of  the  latitudes  :  to  the  difference 
of  longitude . 

For  (Prop.  IV.  Cor.  3.)  the  mer.  parts  for  one 

rad 

lat.  L  is  79 1 5  X  log  : - V — -  ;  and  the 

tan.  f  co.  lat.  L, 

mer.  parts  for  the  other  lat.  /  is  7915  X  log.  : 

Therefore  the  meridional  dif. 


rad. 


tan.  t  co.  lat.  / 
latitude  zz  79 1 5  X  diff.  log.  tangents  of  half  the 
complements  of  the  latitudes  L  and  / ;  put  this  zz: 
791 5X0.  Then  we  have  (by  Cor.  1.)  rad  :  tan. 
courfe  :  :  79 1 5  D  :  diff.  longitude.  And  dividing 

rad  •  • 

by  7915?  -—A. :  tan.  courfe:  :  D :  diff.  longitude. 


but 


79l5 

rad.  zz  1 

79L5-7  ’ 


.00012633. 


Cor.  3.  As  in  plain  failings  the  rumb ,  the  diffe -  17. 
rence  of  latitude ,  and  departure  make  a  right  angled 
triangle ;  fo  in  the  charts  the  rumb ,  the  meridional 
difference  of  latitude ,  and  difference  of  longitude ,  alfo 
make  a  right  angled  triangle,  Jimilar  to  the  former . 
Thus,  in  the  triangle  ADE,  if  AB  is  the  diff.  lat . 

BC  the  departure ,  AC  the  diftance.  Then  AD  is  the 
mer.  dif.  lat.  DE  the  diff.  longitude . 


Cor.  4.  This  Prop,  and  Cor.  1.  will  refold  all  the 
cafes  of  Mercator’s  failing,  or  where  the  longitude  is 
concerned ,  with  the  help  of  a  table  of  meridional  parts. 

For  by  the  table  of  meridional  parts,  the  me¬ 
ridional  difference  of  latitude  is  had,  which  is  only 
the  difference  of  the  meridional  parts  belonging 
to  the  two  latitudes.  And  that  table  is  conftruc* 
ted  by  Cor.  3.  Prop.  IV, 


Cor. 
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Fig.  Cor.  5.  By  Cor ,  3.  and  Prop .  I.  #//  cafes  of 
failing  may  alfo  be  refolved. 

Scholium. 

13.  Altho’  all  the  cafes  of  failing  may  be  folved  by 
help  of  Mercator’s  chart,  yet  this  chart  is  not  a 
true  reprefen tation  of  the  earth.  For  though  eve¬ 
ry  Angle  particle,  or  elementary  triangle  on  the 
chart  is  fimilar  to  its  correfpondent  part  on  the 
fphere,  yet  the  whole  is  not  fimilar  to  the  whole; 
for  the  parts  of  the  chart  being  bigger  than  thofe 
in  the  fphere,  yet  they  do  not  increafe  in  the  fame 
proportion ;  being  nearly  equal  at  the  equator,  and 
infinitely  greater  at  the  poles ;  and  at  the  interme¬ 
diate  places,  in  all  imaginable  proportions.  So 
that  the  whole  cannot  be  fimilar  to  the  whole,  but' 
Very  much  diftorted*  Nor  is  it  pofiible  that  any 
projection  upon  a  plain  can  be  fimilar  to  a  curve 
furface,  fuch  as  a  fphere  or  a  fpheroid. 

The  aCtual  folution  of  the  feveral  cafes  of  fail¬ 
ing  are  eafily  drawn  from  the  foregoing  propofi- 
tions,  and  I  fhall  not  trouble  the  reader  with  them 
here,  but  refer  him  to  the  book  of  Navigation. 
But  the  three  following  problems,  not  being  com¬ 
mon,  I  fhall  here  give  their  folutions. 

PROP.  VI.  Prob. 

One  latitude ,  departure ,  and  difference  of  longitude 
being  given ;  to  find  the  other  latitude . 

By  Prop.  III.  fay. 

As  dff.  longitude  : 
to  departure  : : 

So  radius  : 

to  ccfine  of  middle  latitude. 

The  difference  between  the  middle  latitude  and 
the  given  latitude,  added  to,  or  fubtraCted  from, 

the 
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the  middle  latitude,  as  the  cafe  requires,  gives  theFig. 
other  latitude.  13- 

If  this  latitude  found,  be  not  thought  exad: 
enough,  it  may  be  correaed  by  Mercator,  For 
the  latitude  found  muft  be  fuch,  that  the  proper 
diff.  latitude,  may  be  to  the  meridional  diff.  lati¬ 
tude  ;  in  the  given  ratio  of  the  departure  to  the 
difference  of  longitude  *,  and  is  eafily  found  in  a 
few  trials.  Or  it  may  be  found  after  two  trials  by 
the  rule  of  falfe. 

PROP.  VIL  Prok 

One  latitude ,  diftance ,  and  difference  of  longitude 
being  given  *,  to  find  the  other  latitude . 

1.  A  fill  me  any  angle  for  the  courfe,  as  near  as- 
you  can  guefs,  by  the  circumftances  of  the  ques¬ 
tion.  From  this,  find  the  difference  of  latitude, 
by  Cor.  1.  Prop.  I.  making. 

As  radius  : 

to  the  diftance  :  : 

So  the  cofine  of  the  courfe  : 

to  the  diff.  latitude. 

2 .  Both  latitudes  being  had,  find  the  longitude 
"by  Cor.  1.  Prop.  V.  thus, 

As  radius  : 

to  the  tangent  of  the  courfe  :  : 

So  the  mer.  diff .  latitude  : 

to  difference  of  longitude . 

3.  If  the  longitude  found,  differs  from  the  lon¬ 
gitude  given,  as  it  generally  will *,  corredt  the 
courfe,  by  making  it  greater  or  lefs  as  there  is 
occafion  ;  then  find  the  latitude,  and  then  the  lon¬ 
gitude  again.  Repeat  the  operation  till  the  lon¬ 
gitude  agrees  with  that  given.  But  when  you 
come  near  the  matter,  you  may  find  the  courfe 
truly  from  two  trials,  by  the  rule  of  falfe. 

Qt 


I 
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Fig. 

13,  Or  thus^ 

1.  Say  as  rad  :  coft  given  latitude  :  :  diff.  longi¬ 
tude  :  to  the  departure. 

2.  Find  the  fum  and  difference  of  the  departure 
and  diftance  ;  take  the  logarithms  of  the  fum 
and  difference,  and  add  them  together  ;  half 
the  fum  of  thefe  logarithms  is  the  log  :  of  the 
diff.  of  latitude.  Then  find  the  other  latitude. 
Again  (by  Prop.  V.) 

3.  Say,  as  meridional  diff.  latitude  :  proper  diff. 
latitude :  :  diff.  longitude  :  departure,  more  ex* 
adt. 

Repeat  the  2d  and  3d  articles  over  and  over,  al¬ 
ways  with  the  laft  departure  and  diff.  latitude; 
till  at  laft  you  get  the  fame  diff.  latitude  twice  ;  • 
and  this  is  the  true  diff.  of  latitude,  whence  you 
will  get  the  other  latitude  exadt. 

PROP.  VIIL  Prob. 

tfhe  courfe ,  departure ,  and  difference  of  longitude , 
being  given  ;  to  find  both  latitudes . 

Find  the  diff.  latitude  by  Cor.  2.  Prop.  I.  and 
the  meridional  diff.  latitude  by  Cor.  1.  Prop.  V. 
thus. 

As  tan.  courfe  : 
to  radius  :  : 

So  the  departure  : 

to  the  difference  of  latitude. 

And  fo  the  diff  longitude  : 
to  the  meridional  diff.  latitude. 

The  difference  of  latitude  being  had  in  degree^ 
and  minutes,  feek  in  the  table  of  meridional  parts, 
for  two  latitudes,  fuch  as  may  exceed  one  another  by 
that  difference  *,  and  that  fubtradfing  the  meridional 
parts  of  one  from  the  other,  the  remainder  may  be* 
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equal  to  the  meridional  diff.  latitude  before  found  :  Fig. 
which  is  eafily  done  in  a  few  trials.  And  thefe  are 
the  two  latitudes. 

If  inftead  of  the  departure,  the  diftance  or  diff. 
latitude  be  given  *,  the  folution  is  the  fame,  after 
the  diff.  latitude  is  known. 

PROP.  IX. 


Let  ABP  be  a  quadrant  of  the  fphere,  AHF  a  1 6. 
quadrant  of  an  ellipfis  reprefenting  the  fpheroi- 
dical  figure  of  the  earth,  AC  the  equinoctial ;  P, 

F,  the  poles ;  BE,  HI,  parallels  of  latitude  of  the 
places  B,  H 1  BD,  HL  perpendiculars  upon 
AC.  And  put  AC  zz  r,  FC  zz  a,  AB  zz  v9  LH 
zz  y9  CL  or  H I  zz  x,  rr  —  aa  zz  dd9  j,  c,  /,  f  zz 
fine,  cofine,  tangent,  fecant  of  the  latitude  of  any 
place  B  or  H,  radius  zz  1.  Then, 

The  radius  of  a  parallel  in  the  fphere  BE  :  is  to  the 
Radius  of  the  parallel ,  having  the  fame  latitude ,  in  the 

fpheroid,  HI :  :  as  1  — ss  :  to  1. 

rr 

If  two  places  upon  the  fphere  and  fpheroid  B  and 
H,  have  the  fame  latitude  ;  then  the  tangents  at  B 
and  H  will  be  parallel ;  for  they  muff  point  to  the 
fame  ftar.  And  the  ordinate  LH  in  the  fpheroid, 
will  be  nearer  the  equinoctial  A,  than  the  ordinate 
BD  in  the  fphere.  For  by  the  conic  fedfions,  if 
both  tangents  be  drawn  from  points  in  the  fame 
line  BD  or  LH,  they  will  meet  in  fome  point  of 
the  axis  CA.  And  confequently,  that  they  may 
be  parallel,  the  point  H  muft  be  nearer  A. 

Suppofe  the  tangents  from  H  and  B  to  meet  the 
axis  CA,  in  T  and  S  ;  then  the  triangles  CBD, 
DBS,  LHT  will  be  fimilar.  And  by  nature  of 

the  ellipfis  LH  or  y  ~  ~^/rr  __  xx  and  D3  =  sr, 

r 
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Flf  •  BE  =  cr.  Alfo  CT  =  and  LT  =  r!  ~ 

X  X 

Whence  by  fimilar  triangles,  BE  or  CD  (cr)  :  DB 
Or) :  :  DB  :  DS  : :  LH  ^  jy/rr  —  w)  :  LT 

(rr  —  xx  \  - - 

— - — J  ::  ax  :  r^/rr  —  xx.  Whence  sax  ~  cr 


s/rr  - 
fore  x  zz 


xx ,  and  ssaaxx  zi  ccr*  —  ccrrxx.  There- 
err 


HI  i  :  cr: 


\/  cerr  +  aass 
err 


=  HL  Therefore  BE  : 


— — . - -  :  :  y/ ccrr  +  aass  :  r  :  : 

v  ccr r  +  aass 


x/rr  —  rrss  +  aass  :  r  : :  </rr  —  ddss  :  r 


•  ® 

®  & 


w  :  i 


q  = 


Cor^x *  Hence  HI  —  BE  ^  i  +  i^ssy  put  ting  m 
_ .  / ^n?/crc  /£c  mfe*  <?/  parallels  for 


the  fpheroid  are  eafily  calculated . 

Tl  I?  nr> 


For  HI  =  —  =  JEL_  -  pp  — — - — 

v/ 1— -jjj  i  —  ffxr  “E 


nearly. 

Con  2.  HI  or  #  zz 


err 


rr 


For  x  zi 


s/ aa  +  ddcc  >/ rr-\-aatt 

err  err 


\/  ccrr  +  aass 
becaufe  ss  zz  x  - 


v'. ccrr  -f  aa 

s 


err 


aacc 

cc»  Alfo  i  zz  — ,  whence  #  — 

c 

rr 

=  ✓: 


rr 


/ - - - -  4/  aw*  * —  — ~~  — : 

v  ccrr  +  aass  rr+  ~  vrr  + 


Con 


Sea.  III.  NAVIGATION. 
Cor.  3.  LH  orjy  = 
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Fig. 


v  rr  + 


ddtt 


•I  _  aa  aa 

For  yy  zz  aa  —  —  x  xx  z:  aa  —  — .  x 


r* 


~  ■■  —  a  a 


aarr 


aHt 


rr  rr  4-  aatt 


rr  +  ddtt  TT  "4“  ddtt 


Cor.  4.  HI  or  x  zz 


rc 


nearly.  Where  q 


I  - fqss  rc  X  1  +  a  %ss> 

rr  —  dd  dd 


rr 


rr 


For  x  — 


rrc 


rrc 


V 


s/ rrcc  -J-  aass  s/ rr  —  rrss  +  aass 

rc  rc  .  —  ,  . 

:  —-7—  =  rc  x  1  4~  iqss9  taking 
1  —  fqss  1  G 


qss 


the  two  firfh  terms  of  the  feries. 

Cor.  5.  In  the  fdme  latitude  B  and  H?  DB :  is  jq 
LH:  :  as  r  \/rr  * —  ddss  :  to  aa. 

For  DB  zz  rs,  and  LH  —  — -  ./rr  —  xx.  where 

r  v 


xx 


ccr + 


ccrr  +  aass 


PROP.  X* 

The  fame  things  fuppofed  as  in  the  laft  Prop .  The 
length  of  a  minute  on  the  fpheroid  at  PI  :  is  to  the 
length  of  a  minute  on  the  chart  for  that  latitude  :  : 
as  the  radius  of  the  parallel  HI  :  to  the  radius  of  the 
equinoctial  AC. 

% 

For  fince  the  meridians  in  the  chart,  are  all  pa- 
rallel,  the  radii  of  all  the  parallels  become  equal  to 
the  radius  of  the  equator  ^  and  every  particle  on 
the  fphere  being  proje&ed  into  a  fimilar  figure  in 

L  the 
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Fig,  the  chart,  it  is  increafed  every  way  in  that  propor- 
16.  tion.  Therefore  HI  :  AC  :  :  as  a  minute  at  H  : 
to  a  minute  on  the  chart. 

Cor.  1 .  Hence  a  minute  on  the  fpheroid  :  is  to  its 


projection  on  the  chart : :  1  :  j 

For  it  will  be  as  x  or 


+  ff  //. 

rr 


\/rr  +  aatt 


L  to  r,  that  is. 


_ — -  /  \aat, 

as  r  to  s/rr  -f*  aatt*  or  as  1  to  v  1  +  ~rr' 

Cor.  2.  A  minute  on  the  fpheroid  :  is  to  a  minute 
on  the  chart  :  :  rc  :  a  s/ 1  +  —  cc. 


For  it  is  as  x  to  r,  or  as 


err 


s/ aa  4-  ddcc 


tor,  that 


is,  as  cr  to  v/ aa  +  ddcc . 


P  R  O  P.  XL 

‘The  fame  things  fuppofed  as  in  Prop.  IX  *,  the  length 
of  a  minute  on  the  fphere  \  is  to  the  length  of  a  mi* 


on  the  fpheroid  at  H  : :  as  rra  :  to  aa  +  ~  yy 

aa 


Thefe  lengths  are  as  the  radii  of  curvature  •,  and 
this  radius  in  the  fphere  is  r,  and  in  the  fpheroid  is 

aahb  -f-  4 azyz  — 


2  kba1 


A  (by  Prob.  5.  ex.  2.  Se6t.  II. 


Fluxions),  and  putting  2 r  for  and  for  b  the 

r 

} 


latus  rectum,  it  is  reduced  to  aa  "*~ 


rr  —  aa 


aa 


ar 


There- 
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Therefore  a  minute  in  the  circle  :  a  minute  in  theFi?. 

— - 7-T - 3  ' - - - -  -  *  P 

l6p 


dd 

ellipfis : :  r :  aa  +  7dyj 


ar 


dd 

:  :  arr  :  aa  +  ~  W 

ua 


Cor.  i.  A  minute  on  the  fphere  :  is  to  a  minute  on 

the  fpheroid  at  H  :  :  as  a  x  i  4-  —  cc  |*  :  to  r. 

aa 


r4cc 


For  yy  —  aa  —  a~xst  —  aa  —  —  x _ 

rr  a  a  4-  ddcc 


aa  '  " 


rraacc 


aa  — J—  ddcc 


_  a4  4~  aaddcc  —  rraacc  _ 

aa  4-  ddcc 


aass 


i  j.  d/ 

I  -j-  -  cc 

aa 


aa  — * rr  —  dd,cc  aa  ~  aacc 

-  ,  dd  dd 

1  -f  - CC  I  ~j - cc 

aa  aa 


dd 

— yy 

aa 


ddss 


ddss 

TTdT  • 

I  4“  —  cc 
aa 


Air 

Alio  aa  4-  ~ —  yy 


aa 


aa  + 


„  i  dd 

I  4"  —  cc 

aa 

aa  4"  dd 

,  dd 

I  -f  —  cc 
aa 


aa  4“  ddcc  4"  dd^s 

=  - — - *  z:(becaufe^4-^^i) 


,  dd 

i  4*  —  cc 
aa 


rr 


dd 


_  ,  dd 
I  ~t  —  cc 

aa 


\  And  arr :  aa  4-  —  yy 

aaJJ 


arr  : 


dd 


.  dd 

i  4-  — C£ 
aa 


T  :  :  a  X  i  4-  —  cc\  :  r. 

aa 


Cor.  2.  If  K  —  r  =  A-ttxK _ i 

iFi?  cofine  of  the  latitude ,  where  a  minute  of  the  meridian 
of  the  fpheroid ,  is  equal  to  a  minute  of  the  equinoctial . 

XTPM  --  «1-  V  ■  ^  ■rn“'-  -  ,L  r'r’  ** 


For  then  i  4-  cc 

aa 


rr 

aa 


and.  1  4- 


dd 

aa 


cc 


r  —  r  1  .  dd 

—  —  ,  and  1  4-  —  cc  • 

a  aa 

3  cyr  T/f  -t  dd 

v  —  zn  K5  and  —  rr  zr 
L  2  K- 
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Ff  K 
1 6. 


x,  whence  cc  r=  — ^  x  K 

dd 


Cor.  3,  If  v  and  V  the  length  of  the  meridian 
of  the  fphere  and  fpheroid ,  at  the  fame  latitude ,  ^  ~ 


Then  V  —  !1 — _±Ii  v  —  S  is  the 


a 


(Xfl*  c& 

fine  of  twice  the  latitude . 

For  then  1  +  'pec'  :  r  :  :  v  :  V 


aa 


r  v 


rv 


a  x  1  + 


X  1  + 


rv 


X 


fee  &c.  , —  (becaufe  q  is  fomething  lefs 

—  m 

a  o.a 


than  ?)—  —  SL3SL  ^  Whence  y  tz 


a  za 

X  fluent  of  ccv,  or  fum  of  all  the  cc  in  the  arch.  • 
But  fuppoling  the  radius  rz  1  (fig.  15)  by  fimi- 

lar  triangles,  v  (Bb) :  s  ( nb ) : :  CB  :  BE  : :  j  :  c,  and 

•  •  *  «  # 

cv  —  s,  and  ccv  —  cs.  And  the  Flu  :  cs  (or  the 
fum  of  all  the  BE  X  rib)  is  ~  area  ABEC  =z  FI  : 

ccv,  and  the  area  ABEC  —  —  +  — .  Therefore 

2  2 


V 


rv 

a 


ZTi 


££  —  r~Trg  v  — 311 


v  , 

X  —  +  —  = - —  V—^LCS 

ia  2  2  u  j^a 


Xq 


V 


a 


11 S  s  becaufe  cs  zz  ~S. 


a 


Cor.  4 .  If  v  and  V  he  the  meridians  for  the  fame 
latitude ,  in  the  fphere  and  fpheroid ,  in  minutes  of  the 


equator  \  then  V 


r  —  ~rq 


v 


12 


89r?g 


a  a 

For  if  the  lengths  V  and  v  be  reduced  to  mi¬ 


nutes,  they  mult  be  multiplied  by  i?°  or 

3.1416 

3438*  which  is  the  minutes  in  the  radius.  But  V 

and 
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and  v,  now  denoting  minutes,  are  already  reduced;  Fig. 

and  reducing  ill  S,  we  fhall  have  V  —  -  ill 
°  8* 

T^X  3438  Q  _  r 


16. 


$ 


V 


rq 


X  12897S. 


^  CL  & 

And  hence  it  will  be  eafy  to  make  a  table  of  the 
arches  of  the  fpheroid  in  minutes,  exad:  enough 
for  the  earth.  For  if  the  fpecies  of  the  earth’s  fphe¬ 
roid  be  known,  q  is  known  ;  and  then  and 

a 

iiSgrg  wjy  given  quantities ;  whofe  logarithms, 

Gf 

added  to  the  logarithms  of  v  and  S,  will  give  two 
numbers,  whofe  difference  is  the  fpheroidal  meri¬ 
dian.  Thus  if  qzz.022  according  to  Maupertuisy 
then  V  zz  .9945^  - —  28.7  S  ;  or  V  zz  v  —  .005511 
• —  28,7  S,  where  .0055*1;  -f-  28.7  S  is  the  reduc¬ 
tion,  or  diminution  of  the  fpherical  arch. 

PROP.  XII, 

The  fame  things  being  fuppofed ,  as  in  Prop.  IX.  a 
minute  on  the  fpherical  chart  :  is  to  a  minute  on  the 

dd 

fpheroidal  charts  at  the  fame  latitude  :  :  as  1  d - €c 

aa 

:  to  1. 


For  by  Prop.  IV. 

a  minute  on  the)  a  minute  onV  , 
fpherical  chart  y  *  the  fphere  y  *  * 

And  by  Cor.  1.  Prop.  XL 

a  minute  on 

the  fphere  £  *  the  fpheroid  £ 


C. 


;  r« 


aa 


l  3 


Alfo 


tSO 

Ficr 

x6, 
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Alfo  by  Cor.  2.  Prop.  X. 


a  minute  on  ] 
the  fpheroid  J  *  fpheroid 


4  a  minute  on  the  }  /  dd 

'  fpheroidal  chart  \"rc'as/  1^'~aCCm 


Therefore  ex  equo, 
a  minute  on  the 
fpherical  chart 


,  dd 

l  -f — cc 


aa 


:  arc 


1  ^  a  minute  on  the  ] 
j  *  fpheroidal  chart  j  :  :  arc  X 

J 1  + 


dd  dd 

- CC  <11  — {■ - -  CC  .  Ie 

aa  aa 


Cor.  1.  If  z  and  2  he  the  length  of  the  meridians 

on  the  chart ,  for  the  fphere  and  fpheroid ,  p  zz  —  . 

aa 

\ Then  Z  : 


:  2  —  qs. 

For  ('Prop,  IV.)  c  :  1  :  :  i  :  2 


•  And  (fig.  . 


or 


1 5  )  by  fimilar  triangles,  c  :  1  :  :  BE  :  BC  :  :  nh  ; 

nh  ‘  . 

:L  ;  therefore  i;  zz  zL.  But  by 

cc 

dd \  ,  ^  ♦ 

r  __  \  1  4.  prr  :  1  :  :  z  :  z  zz 

aa) 
z 


B  b  : 

6  C 

this  Prop,  (putting  p 


j  4"  pcc 


zz  z  x  1  ■ — per  +  &c.  zz%  —  zz  i 


fr<r  X  —  —  2; 
cc 


Whence  Z  z  z 


y?. 


Cor.  2.  If  z  and  Z  the  meridional  parts  for  the 
fphere  and  fpheroid ,  latitude .  Vto  Z  zz 

«  —  343  8^« 

For  to  reduce  the  length  %  to  minutes  of  the 

equator,  it  mud  be  multiplied  by  —  .°*  or 

3.1416  ' 

3438.  But  Z  and  z  are  fuppofed  to  be  already  fo 
reduced,  and  reducing  yr,  we  have  Z  z  z  — 
34 38^  ;  and  therefore  it  will  be  extremely  eafy  to 
make  a  table  of  meridional  parts  for  the  fpheroid, 

exact 
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exa6t  enough  for  the  earth.  For  if  the  fpecies  of  theF 
fpheroid  be  once  determined,  q  is  known  *,  and  i 
34 qfiq  will  be  a  given  quantity  5  to  the  log.  of 
which  adding  the  log.  fine  of  the  latitude  ( reject¬ 
ing  radius),  and  you  have  the  log.  of  a  number, 
which  is  the  redu&ion  or  decreafe  of  the  meridi¬ 
onal  parts  of  the  fphere.  Thus  if  q  zz  .022,  accor¬ 
ding  to  Maupertuis,  then  log  :  3438^  —  1.8787286. 

Scholium. 

When  three  tables  are  made  for  the  fpheroid; 
one  for  the  radii  of  the  parallels,  by  Prop.  IX.  or 
Cor.  1.  A  table  of  the  arches  of  the  meridian,  by 
Cor.  4.  Prop.  XI,  and  a  table  of  meridional  parts, 
by  Cor.  2.  Prop.  XII.  then  all  the  cafes  of  failing 
may  be  lolved,  with  little  more  trouble,  by  the 
fame  rules,  as  for  the  fphere  ;  that  is,  by  Prop.  II. 
and  V.  and  their  Corrollaries.  But  for  fuck  as 
have  not  thefe  tables,  I  fhall  lay  down  the  two  fol¬ 
lowing  proportions,  by  which  the  common  cafes 
may  be  folved  by  the  common  tables  only ;  if  any 
body  v/ill  be  at  the  pains  to  work  them,  as  they  re¬ 
quire  fomething  more  labour. 

PROP.  XIII. 


Let  v  zz  any  latitude  in  minutes ,  S  zz  nat.  fine  of  j 

3 

twice  this  latitude .  And  put  F  zz  r  v>  G  zz 

a 


n%$rq 

a 

tude. 


S; 


and  f  and  g  the  fame  for  any  other  lath 


Alfo  let  M  zz  meridional  parts  of  the  fphere ,  for 
that  latitudey  and  N  zz  34 f&q  X  nat.  fine  of  the  lat. 
and  m  and  n  the  fame  for  any  other  lat .  PVhere  r  zz 

radius  of  the  equinohlial,  a  zz  -J  axis,  and  q  zz.  tL — 

/jfY> 


L  4 


dhen 


o>gq  ’ 


1 52  NAVIGATION. 

Fig.  Then  on  the  fpheroid it  will  be, 

1 7*  As  proper  dif.  latitude.  F — G — / — g  : 

mer.  diff.  latitude ,  M — N — m — n  :  : 

5  departure : 
diff.  longitude, 

on  the  fame  fide  of  the  equinoctial-,  but  on  different 
fides,  take  F — G  +  / — g,  and  iVi — N  +  w—n. 


For  (by  Prop.  XI.  Cor.  3.)  the  proper  lats.  on 
the  fpheroid  are  zr  F  —  G,  and / —  g.  And  (by 
Cor.  2.  Prop.  XII.)  mer.  parts  on  the  fpheroid  is 
2  —  34 38^  or  M — N.  And  the  dit.  of  the  meri¬ 
dional  parts  for  the  two  latitudes,  or  mer.  dif.  la¬ 
titude,  will  be  M — N  —  m — n.  And  on  the  fphe¬ 
roid  it  is,  as  proper  dif.  lat  :  mer.  dif.  lat  :  :  de¬ 
parture  :  diff.  longitude  *,  or  as  AB  :  AD  :  :  BC  : 
DE. 


Cor.  1.  Radius  : 

tan.  courfe  :  : 

...  a— WIUM 

meridian  diff  latitude ,  IVI — N  —  m — n  : 
dif  \  longitude . 

For  rad  :  tan.  courfe  :  :  proper  dif.  latitude :  de¬ 
parture  :  :  mer.  dif.  lat  :  diff.  longitude. 


Cor.  2.  The  reduction  for  the  lat.  v  is  —5.%. .  v  -r 

1000 

28.7S.  And  the  reduction  for  the  meridional  parts  of 
v ,  will  be  N. 

This  follows  from  Cor.  4.  Prop.  XI.  and  Cor.  2. 
Prop.  XII. 


PROP.  XIV. 

The  fame  things  fuppofed,  and  put  s  iz  S.  latitude . 
Then, 


As 
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As  i  4-  iqss  x  cof  latitude  : 

Radius  :  : 

dijlance  in  any  parallel  on  the  fpheroid  : 
diff,  longitude. 


For  (Cor.  i.  Prop.  IX.)  HI  zz  BE  X  i  +  iqss. 
And  the  degrees  in  the  parallel  being  inlarged  in  the 
ratio  of  HI  to  AC,  when  they  become  equal  to 
the  degrees  of  longitude*,  therefore  HI  :  AC  :  ; 
diftance  in  the  parallel  :  to  the  difference  of  longi¬ 
tude. 

Cor.  The  redubiion  for  the  log  :  cof  latitude  is  log  % 
1  +  iqss. 


PROP.  XV.  Proh. 


To  folve  the  common  cafes  of  failing ,  on  the  fphe¬ 
roid ,  by  the  common  tables  for  the  fphere , 

Before  this  can  be  done,  the  fpecies  of  the  fphe¬ 
roid  muff  be  determined,  and  the  quantities  r,  a^  q 
will  then  become  known ;  by  help  of  thefe,  the 
arches  of  the  fphere,  are  reduced  to  thofe  of  the 
fpheroid  and  the  contrary.  Therefore  if  we  fup- 
pofe  with  Maupertuis ,  that  r  z  i  ;  aa  zz  ,978  ; 
a  zz  .9S894 ;  q  —  .022  •,  we  muff  then  get,  F,  G, 
/,  £,  and  M,  N,  m ,  n.  And  then  Prop.  XIII.  and 
Cor.  1.  will  folve  all  the  common  cafes;  working 
the  proportions  forward  or  backward,  as  there 
is  occafion.  And  all  the  cafes  of  parallel  fail¬ 
ing  are  folved  in  the  fame  manner,  by  Prop.  XIV, 
To  facilitate  the  work  we  fhall  have, 

F  zz  .9945^  ;  G  zz  28.7  X  S. 

/  =  -9945v »  g  —  287  Xf. 

M  zz  mer.  parts  of  v ;  N  zz  75.634  X  fine  of  v. 

m  zz  mer.  parts  of  v;  n  zz  75.63 4  xfine  of  v. 


or 
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Fig.  or  Log: 9945=: — 1.997605;  log:  28. 7ml. 4 
17*  Log :  75.634  zz  1.878728. 

1 

reduction  of  v  zz  +  28.7  S. 

1000 

redu&ion  of  M  is  z:  N. 

Cafe  1. 

*fhe  latitude  and  longitude  of  two  places  Being  given 
to  find  the  courfe  and  difiance. 

Example . 

A  fioip  from  A  in  n.  lat .  50,  fails  Between  the  north 
and  eafti  into  the  n.  lat.  38  at  E  *,  making  her  dif.  of 
longitude  DE  430  zz  25 Bo'.  Required  the  courfe  and 
difiance ,  BAG  and  AC. 

Find  the  mer.  dif.  latitude  for  the  fpheroid,  thus, 

M.  P. 


^  zz  38  zz  2280 

2468  -  M 

s.  v  zz  .615I 

v  =  5  =  300 

300  —  m 

S.  v  zz  .087] 

1 

diff.  1980 

2168  zz  M — m. 

dif.  zz  .528* 

and  75.63  X  528 

zz  40 

M — m — N — n  zz  2128.  Then  (by  Cor.  i.Pr.XIIL) 

mer.  d.  lat.  2128  -  - 

d.  long.  2580  -  - 

Rad.  *— 


3'32797l 

3.411619 

10. 


Tan.  courfe  50  29  10.083648,  BAG. 

Then  find  the  proper  dif.  latitude  for  the  fpheroid. 
*9945  —1.997605  S.2v  zz  .970 

igSv  3.296665  S.2v  zz  .173 

dif.  '  ' 


3.294270 


1969 

red.  -—22.7  28.7  x  .797  zz  22.7 


797 


1946.3  zz  t  —f—  G* 


Then 


1 
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Then  cof.  courfe  50  29  —  9.803664 

d.  lat.  1946.3  — —  3.289210 

Rad.  — ■  — — -  10. 

Dift.  3058.7  — —  3.485546,  AC 

If  the  departure  had  been  required,  it  would  be 
found  by  the  proportion  in  Prop.  XIII. 

Cafe  2. 

The  latitude  of  two  places ,  and  the  courfe ,  "being 
given  \  to  find  the  dif.  longitude ,  and  didance . 

Examp . 

A  Jhip  fails  from'  A  in  fouth  lat .  25°,  0.  to.  30°  17# 

at  E,  upon  a  courfe  of  43%  the  dif .  longitude  and 
difiance  are  required^  DE  and  AC. 


M.  P. 

S.  lat.  250  zz  1 500 

1550  zz  M 

s.vzz  .423 

N.  lat.  30  =  1800 

1888  zz.  m 

8.  v  zz  .500 

Sum  -  3300 

3438 

fum  .923 

•923X  75-63  =  —  69.8 


Then,  .9945 

33°° 

3282 

3368.2 

—1.997605 

3-5l85!4 

3.516119 

z  M4^  —  N 

S  zz  .766 
f  zz  .866 

fum,  1.632 

28,7 

1.632 

1.457882  3282 

0.212720  - 46.8 

red.  46.8 

1.670602  3235.2ZZF+/ — G+£* 

Then  (by  Cor.  ,.  Prop.  XII].) 

Rad. 

10. 

Tan.  courfe  430 

9.960656 

m.  d.  lat. 

3368 

3-527372 

d.  long. 

3*4i 

3.497028,  DE. 

And 


I55 
F 
1 


j56 

N  A  ‘ 

V  I  G  A 

T  I  O  N. 

Fig. 

And  cof. 

43 

9.864I27 

17- 

d.  lat. 

3235 

3.509874 

Rad. 

IO. 

dift. 

4423 

3-645747>  AC 

Cafe  3. 

Given  the  latitude  of  two  places  and  the  difiance  % 
to  find  the  courfe  and  diff.  longitude . 

Exam. 

A  Jhip  fails  from  A  in  S.  lat .  25,  to  E.  in  N.  lat • 
300 ;  a  diftance  of  3235  miles  ^  required  the  courfe 
and  diff.  longitude,  BAC  and  DE. 

Find  the  proper  dif.  latit.  3235  as  in  the  laft  cafe. 
Then  Dift.  4423  3.645717 

Rad.  - —  10. 

d.  lat.  3235  3-5°9s74 

Cof.  courfe  430  9.864157,  BAC. 


Then  find  the  mer.  dif.  latitude  3368  as  in  the 
laft  cafe,  and  then  (by  Cor.  1.  Prop.  XIII.) 

Rad.  -  10. 

Tan.  courfe  43  9.969656 

m.  d.  lat.  3368  3-527372 


dif.  longitude  3,497028 

3141  zz  520  2 1  zz  DE. 


If  the  departure  had  been  given,  the  longitude 
would  be  found  by  Prop.  XIII. 


Cafe  4. 

One  latitude ,  courfe ,  and  dif.  longitude  being  given  ; 
to  find  the  other  latitude ,  and  the  difiance. 


Examp. 

A  Jkip  fails  upon  a  courfe  of  37%  between  the  fouth 

and 
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and  weft,  from  E,  lat.  54  n.  till  her .  dif.  longitude  Fig. 
DE  was  28°  z z  16800.  To  find  the  dif  latitude  and  17* 

diftancey  AB  and  AC.  * 

merid.  parts  for  540  zz  3 864.5 
75.63  xS.54  (.809;  —  — 61.2 

M  —  N  zz  3803.3 


Then  (by  Cor.  1.  Prop.  XIII. 

Tan.  courfe.  370  9.877114 

Rad.  —  10. 

d.  long.  1680  3*225309 


mer.  d.  lat.  2229  3.348195,  AD. 


Then  as  2229  is  lefs  than  3803,  the  fhip  is  ftili 
in  north  latitude.  Subtrad  the  firft  from  the  laft, 
and  there  remains 

38oT3 


2229. 

the  mer.  parts  for  2d  lat.  1574.3  ;  if  this  belonged 
to  the  fphere,  it  would  anfwer  to  250  22 But 
the  meridian  of  the  fphere  being  greater  than  that 
of  the  fpheroid,  it  muft  be  reduced.  And  the  re- 
dudion  is  n  or  75.63  x  fine  of  v. 

Whence  — — ~  1574,3  zzm  —  n 

7 5,633  X  *428  (S.  250  22')  ~  +  32.4  zz  n 

m  zz  1606.7  -=: -  ^ie 

mer.  parts  for  25  52.  If  this  had  not  been  exad 
enough,  you  mult  have  repeated  it,  with  s  for  25  52, 
which  would  redify  it.  Then  to  find  the  proper 
d.  latitude;  54°  zz  3240'.  and  250  52'  zz  1552''. 

And  28.7  x  $ —  / zz  28.7  X.166  zz  4.76  the  reduc* 


zz  3240 

•9945 

—1.997605 

zz  1552 

1688 

3.22737* 

V=  16K8 

1 679 

3.224977 

—  4* 

7 

167 4.3  zz  pr,  dif.  lat. 


Then 
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Fig*  Then  cof  courfe  37° 
17.  ch  lat,  1674 
Rad.  — 

diftance  2096, 


9,902348 

8-223755 


10. 


— — - ( 

3.321407,  CA. 


Cafe  5. 

One  latitude ,  courfe  and  diftance  being  given  \  to 
find  the  other  latitude  and  difference  of  longitude . 


Examp . 

^ fails  upon  a  courfe  of  i^ffrom  E.  in  n>  lat . 
45,  for  the  diftance  3700  ^  the  lat,  come 

to  at  A,  difference  of  longitude ,  DE. 


450  zi  2700,  then  S  zz  1. 


-9945 

2700 

2685 


—  1.997605 
3-43I364 


and  28.7  X  1  is  the  reduction  —  28.7 


3.428969 


2656.3  rzF  —  G. 


Then  rad.  10. 

Dift.  3700  3.568202 

Cof.  courfe  230  9.964026 

d.  lat.  3406  -  3.532228,  BA. 


and  this  being  greater  than  2656,  fhews  that  the 
ihip  has  run  into  fouth  latitude. 

3406 

2656 

75Q  zz  f—g. 

And  750  would  be  12  30  on  the  l'phere-,  but  the 
fpherical  arch  being  greater  than  the  elliptical,  it 

muft  be  reduced ;  here  S  zz  .422,  and  v  Hr 

1000 

28,7  X  f  zz  4A  +  }%.i  zz  16.2, 


red. 
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750  Fig. 

red.  +  16.2  17. 


v  zz  766.2  zz  120  46 h 


M.P 

Lat.  45  — - 

3°3° 

S.  v  zz  .707 

1.878728 

12  46 

772 

S.  v  zz  .221 

— 1.967548 

3802 

.928 

1.846276 

reduc. 

70 

N  +  n  70.2 

M — N +m—n,  3732 

Then  Rad,  10. 

Tan.  C.  230  9.627852 

mer.  d.  lat.  3732,  3.571941 

dif.  long.  1584,  3.199793,  DE, 


Thus  all  the  cafes  of  Mercator’s  failing  are  fol- 
ved,  by  the  common  rules,  with  the  additional 
trouble  of  converting  the  arches  of  the  fpheroid 
into  thofe  of  the  fphere,  and  the  contrary  ;  and 
without  any  tables  made  on  purpofe.  And  in  like 
manner,  all  the  cafes  of  parallel  failing  are  folved* 
by  converting  the  radii  of  the  parallels  in  the  fphe¬ 
roid  into  thofe  of  the  fphere,  and  the  contrary, 
and  with  the  fame  tables.  And  all  the  three  cafes 
are  folved  by  Prop.  XIV.  Where  note,  that  in 
Maupertuis  earth,  1  H~  iqss  zz  1  +  .01  m,  s  being 
the  nat.  fine  of  the  latitude. 

Parallel  Sailing . 

Cafe  1. 

‘  Given  the  latitude  and  difference  of  longitude  of 
two  places  in  one  parallel  \  to  find  .heir  difiance. 


Example. 
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Fig. 


Example . 

Suppofe  a  Jhip  fails  eaft  in  the  parallel  of  520  12^ 
#//  her  difference  of  longitude  he  857'  5  find 
failed. 


.ox  1 

s 

s 


2.041393 

9.897712 

9.897712 


.00687  —3.836817 


1.0068  "  i  +  4  qss- 


Rad. 

1.0068 

cof.  lat.  52  12 
d.  long.  857 


10 

0.002943 

9-787394 

2.93298I 


diftance  528.8 


2*7  2  3  3 1 R 


C/z/£  2. 

Given  latitude ,  diftance  of  two  places  in 

one  parallel ,  find  difference  of  longitude . 

Examp . 

yf  I hip  fails  eaft  528.8  amZw  latitude  of  52* 

1 2' ;  required  her  dif.  longitude . 

Find  1  +  4^  =  1.0068  as  in  cafe  1,  then. 


1.0068 

0.002943 

Cof.  lat. 

52  12 

9-787394 

Rad. 

IO. 

Dift. 

528.8 

2.72329I 

9-79°337 

long. 

856.9 

2-932954 
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Fig; 


Cafe  3. 

Having  given  the  diftance  of  two  places  in  one  pa¬ 
rallel ,  and  their  difference  of  longitude  \  to  find  the 
latitude. 


Examp . 

A  Jhip  fails  eaft  528.8  miles,  and  makes  her  dif 
longitude  857^  required  the  latitude , 

Dif.  long.  857  —  2.932981 

Dili,  528.8  —  2.723291 

Rad.  —  10. 


Cof.  lat. 


9,790310 


This  anfwers  to  51  54  if  it  was  for  the  fphere, 
but  as  the  parallel  is  lefs  in  the  fphere,  it  muft  be 
reduced.  Therefore  find  the  reduction*  viz.  log.  •; 
j  +  .oiiSS,  putting  $  zz  S.  51°  54b 


.01 1 

—  2.041393 

s.  51  54  “ 

9  895939 

S,  51  54  ~ 

9.895939 

,00  68  — 

—  3-833271 

Cof.  51  54 

9-79°310 

reduc.  1.0068 

.002943 

Cof.  lat.  52  12 

9.787367 

PROP.  XVI.  Prob . 

.  .  1  f 

To  cone 51  a  Reckoning  at  Sea . 

The  motion  of  a  fhip  is  fubjeT  to  feverai  ine¬ 
qualities,  which  mud  be  correaed  before  the  place 
of  the  fliip  can  be  truly  known.  And  therefore 
the  true  latitude  of  the  flip  muft  be  got,  by  ob- 
ferving  the  fun’s  meridian  altitude  $  by  which  and 

M  the 
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Fig.  the  fun’s  declination  being  known,  the  fhip’s  lati¬ 
tude  becomes  known,  or  inftead  of  the  fun,  any 
known  ftar  may  be  ufed.  Then  if  the  obferved 
latitude  be  the  fame  as  the  computed  latitude,  there 
is  no  room  for  any  corredion.  But  when  they  dif¬ 
fer,  the  error  will  be  owing  to  fome  of  thefe  caufes, 
the  variation,  the  motion  of  a  current,  error  in  the 
courfe,  or  in  the  diftance.  And  which  it  is,  muft 
be  determined  by  judging  of  the  feveral  circum- 
ftances  that  attend  the  reckoning. 

i.  If  the  error  lies  in  the  variation  \  which  will 
be  known,  when  an  amplitude  is  had  ;  take  the  dif¬ 
ference  of  latitude  and  departure,  all  the  time  you 
have  been  wrong,  and  fay. 

As  Rad  :  S.  error  of  variation  :  : 

So  departure  :  to  correction  in  latitude  :  : 

And  fo  diff.  latitude  :  to  correction  in  departure. 
Then  if  the  true  courfe  is  greater,  the  departure 
muft  be  increafed,  and  the  dif.  lat-  diminifhed,  by 
thefe  corredions.  And  the  contrary  when  the  true 
courfe  is  lefs. 

q  For  let  AC  be  the  Imp’s  way,  AR  the  fuppofed 
^  meridian.  Am  the  magnetic  meridian,  AH  the  true 

meridian,  AR  and  CR  the  dif.  lat.  and  departure 
as  computed.  Let  fall  CS  perp.  to  the  true  meri¬ 
dian  AH.  Then  inftead  of  AR  and  CR,  AS  and 
CS  will  be  the  dif.  lat.  and  departure.  Therefore 
AR  njuft  be  diminifhed  by  the  quantity  Rn  or  dS9 
to  get  the  true  dif.  lat.  AS  •„  and  CR  muft  be  in¬ 
creafed  by  Rd  or  zzS,  to  get  the  true  departure  CS. 
And  in  the  right  angled  triangles  A S«,  CRzz,  the 
angles  at  R  and  S  are  right,  and  the  angles  at  n  are 
equal ;  therefore  ROz  ~  S  A n  the  error  of  variation. 
Therefore  in  the  triangle  CRzz,  rad  :  C n  or  CR  :  : 
S.RCzz  :  Rn,  the  correction  in  latitude.  And  in  the 
triangle  AR d9  rad  :  Ad  or  AR  :  :  S.RAd  :  Ri  or 
S;z,  the  corredion  in  departure. 


But 
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But  if  the  obferved  courfe  RAC  be  diminifhedFig. 
by  the  error  of  variation,  the  perp.  CS  would  fall  1 8. 
on  the  other  fide  of  CR,  then  AR  muft  be  increafed 
by  nR ,  and  CR  decreafed  by  Ri  or  nS.  For  when 
one  adds,  the  other  fubtraCts. 

2.  If  the  error  happens  from  the  motion  of  a  cur¬ 
rent.  If  its  direction  be  known,  to  find  the  quan- 
tity  of  the  error ;  fay,  as  rad  :  error  in  latitude  :  : 
tan .  current's  courfe  :  correction  in  departure. 

This  correction  muft  be  added  to  the  departure, 
when  the  true  dif.  latitude  is  greater  than  the  ob¬ 
ferved  ;  but  fubtra&ed  when  lefs. 

For  if  AR  is  the  meridian,  AQj:he  fhip’s  way 
by  the  current,  Qjihe  fhip’s  place  by  the  reckoning, 
in  the  parallel  PQj  and  C  her  true  place  by  ob¬ 
fervation,  in  the  parallel  RC  ;  then  QC  is  the  er¬ 
ror.  Draw  QD  parallel  to  AR,  then,  in  the  tri¬ 
angle  QDC,  rad :  DQjPR) :  :  Tan.  DQC  (RAC) : 

DC,  the  correction  in  departure  j  which  adds,  if 
R  is  beyond  P,  otherwife  it  fubtraCts.  > 

3.  When  the  error  is  in  the  diftance  \  as  is  very  20" 
likely  when  the  courfe  is  near  the  meridian.  To 
find  the  error,  take  the  difference  of  latitude  and 
departure  from  the  time  of  the  laft  obfervation,  and 

' 

As  dif  \  latitude  :  departure  :  :  f»  the  error  in  lati¬ 
tude  :  to  the  correction  in  departure. 

Then  the  correction  is  to  be  added  to  the  depar¬ 
ture,  when  the  computed  dif.  latitude  is  lefs  than 
the  true,  that  is,  when  the  fliip  is  before  the  reck¬ 
oning  ;  otherwife  fubtraCted. 

For  if  the  fhip’s  way  be  near  the  meridian,  as  in 
AB,  and  if  RC  be  her  parallel  by  the  reckoning, 
and  DE  her  parallel  by  obfervation.  From  A,  the 
place  of  the  laft  obfervation,  defcribe  the  arch  BF 
to  cut  the  parallel  DE  in  F.  Then  if  the  error 
was  in  the  courfe,  it  will  be  no  lefs  than  the  angle 
BAF,  which  is  improbable  ^  for  fuch  a  great  mif- 

M  2  take 
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Fig.  take  can  hardly  be  made,  if  any  care  has  been  ta- 

20.  ken  *,  therefore,  it  is  more  rational,  to  fuppofe  it 
in  the  diftance,  and  then  it  will  be  the  fmail  quan¬ 
tity  BD. 

Produce  AF  to  FI,  and  draw  HG  parallel  to  the 
meridian  AO.  Then  by  fimilar  triangles  AB 
(dif.  lat.)  :  BH  (departure)  :  :  HG  :  FG.  Then 
if  BH  be  her  parallel  by  the  reckoning,  HG  mull 
be  taken  from  BH.  But  if  DE  be  the  parallel  by 
the  reckoning,  or  the  fhip  foremoft,  then  FG  mull 
be  added  to  DF  to  get  her  true  departure.  If  the 
courfe  AH  is  very  near  the  meridian  AB,  the  cor¬ 
relation  of  the  departure  FG  is  fo  fmail,  that  it 
may  be  omitted. 

4.  When  the  error  is  in  the  courfe ,  as  is  very  like¬ 
ly  when  it  lies  near  the  parallel.  To  find  the  er¬ 
ror,  fay, 

21.  As  the  departure  :  dif.  latitude  :  :  error  in  latitude  : 
correction  in  departure ,  from  the  time  of  the  laft  ob- 
fervation.  Then  the  corredtion  muft  be  added  to 
the  departure,  when  the  reckoning  is  before  the 
iliip  ^  otherwife  fubtradted.  But  when  the  fhip’s 
way  is  very  near  eaft  or  weft,  this  corredtion  is  fo 
fmail  that  it  may  be  omitted. 

For  let  AB  be  the  meridian,  BC  the  fhip’s  pa¬ 
rallel  by  the  reckoning,  DE  her  parallel  by  ob- 
fervation,  AF  her  way  by  the  reckoning,  produce 
AF  to  cut  BC  in  C.  Then  if  the  error  was  in  the 
diftance,  it  would  be  no  lefs  than  the  line  FC, 
which  is  quite  improbable ;  therefore  it  is  rather 
the  fmail  angle  HAF  in  the  courfe,  which  may 
very  well  happen.  Draw  HG  parallel  to  the  meri¬ 
dian  AB,  and  from  A  defcribe  the  arch  HF.  Then 
the  angle  AFIF  being  right,  the  angle  HFG  zz 
AHG,  =  HAD,  and'  AFID  -  FHG,  therefore  the 
triangles  ABH,  FGH  are  fimilar,  whence  BH 
(departure)  :  BA  (dif.  latitude,)  :  :  FIG  :  GF,  the 
corredtion  in  departure.  And  as  F  is  her  true 

place, 
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place,  GF  muft  be  added  to  DG  or  RH  to  have  Fig. 
her  true  departure  DF.  But  if  H  had  been  her  21. 
true  place  it  muft  have  been  fubtraaed.  If  the 
courfe  was  in  or  near  the  parallel  AP,  GF  would 
be  nothing. 

5.  If  a  fhip  fails  along  AH  near  four  point s,  and  22. 
you  know  the  error  to  be  in  the  diftance  AH,  then 
her  true  place  will  be  at  E,  and  the  error  of  depar¬ 
ture  EG  muft  be  computed  by  Art.  3.  But  if  you 
know  the  error  to  be  in  the  courfe,  then  making 
AF  equal  to  AH,  her  true  place  will  be  at  F  ;  and 
the  error  of  departure  FG  muft  be  computed  by 
Art.  4.  Therefore  if  both  be  wrong,,  flie  will  be 
in  the  middle  of  EF  at  G  ;  that  is,  there  will  be  no 
error  in  departure.  Hence  if  it  be  not  known, 
whether  the  courfe  or  diftance  is  wrong,  no  error 
muft  be  reckoned  in  departure,  but  it  muft  remain 
as  it  was,  for  then  BH  is  equal  to  DG. 

In  general,  failing  near  the  meridian,  or  near  a 
parallel,  or  near  four  points,  the  departure  cannot 
be  correded.  But  it  may  be  correded  when  her 
courfe  is  within  a  point  or  two  of  the  meridian,  or 
any  parallel. 

5.  The  error  in  departure  being  found,  the  error 
in  longitude  lies  the  fame  way,  being  only  greater 
in  quantity ;  which  is  found  thus,  as  error  in  lati¬ 
tude  :  correction  in  departure  :  :  fo  the  meridional  diff, 
lat .  ( between  the  computed  and  obferved  lat .)  :  correct 
tion  in  longitude . 

The  correding  a  reckoning,  depends  upon  find¬ 
ing  the  latitude,  and  that  is  had  by  obferving  the 
fun’s  meridian  altitude,  or  zenith  diftance.  And 
as  the  bufinefs  of  finding  altitudes  is  ufeful  upon 
many  occafions  at  fea,  I  fhall  conclude  with  the 
two  following  propofitions,  for  that  purpofe. 
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Fig. 

2  2.  PROP.  XVII.  Proh 

The  times  of  two  equal  altitudes  of  the  fun ,  taken 
in  the  forenoon  and  afternoon  of  the  fame  day ,  being 
ohferved  hy  a  voatch ;  to  find  by  the  fame  watch ,  the 
time  of  his  being  in  the  meridian . 

J. 

If  the  fun’s  declination  continues  nearly  the  fame, 
during  the  interval  of  the  two  obfervations,  then 
the  middle  time  between  the  obfervations,  taken  by 
the  watch,  is  the  time  of  his  being  in  the  meridian. 
But  if  he  makes  a  fenfible  difference  of  declina¬ 
tion  in  that  time,  then  this  mean  time  mu  ft:  be  cor¬ 
rected  as  follows. 

II. 

23.  Let  HO  be  the  horizon,  Z  the  zenith,  P  the 
pole,  GDC  a  parallel  of  altitude,  I  AC  a  parallel  of 
declination  ;  and  let  C,  D  be  the  two  places  of  the 
fun,  fuppofed  on  different  fides  of  the  meridian 
PZH.  Then  AD  will  be  the  difference  of  decli¬ 
nation,  between  the  times  of  obfervation.  Then 
in  the  triangle  ZPC  there  are  given  ZP  the  com¬ 
plement  of  the  latitude;  ZC  the  co-altitude,  and 
angle  ZPC  anfwering  the  time,  both  by  obfervation  ; 
therefore  S.ZC  :  S.ZPC  :  :  S.ZP  :  S  ZCP.  Then 
having  the  angle  C,  let  AD  (the  dif.  declination) 
be  taken  in  minutes  of  a  degree.  Then  fay,  as 
cof.  fun’s  declination  :  cotan.  ZCP  :  :  fo  2 AD  :  to 
the  correction  in  feconds  of  time. 

Then  the  correction  muff  be  added  to  the  mean 
time,  to  find  the  true  time  of  his  fouthing,  when 
the  fun  is  going  from  the  elevated  pole  ;  but  fub- 
traCted,  when  coming  towards  it. 

For,  produce  the  meridians  PAD,  and  PC  to 
cut  the  equinoctial  in  B  and  E.  Then  the  angles 
PC  A  and  ZCD  being  right,  by  fubtraCting  the 

common 
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common  angle  ZCA  irom  both,  DC  A  will  be  Fig. 

equal  to  ZCP.  And  in  the  fmall  redilineal  tri-  23. 

ano-le  ACD  right  angled  at  A,  rad  :  AD  :  :  cotan. 

\  7f  P  ar  —  AD x cotan.  ZCP  A  , 
DCA  or  ZCP  :  AC  1=  — - -  .  And 

rad. 

by  the  fpherical  fedors  PAC  and  FEE,  S.PC  :  rad 


AC 


/  AD  xcot.  ZCP 


l 


rad 


j  :  BE  or  angle  APC 


AD  X  coi.  ZCP  jgut  gjr  anc]  AD  being  reckoned 

in  minutes,  and  1  minute  of  a  degree  being  equal 
to  4  feconds  of  time,  therefore  BE  reduced  to 

feconds  will  be  =  and  half  the 

S.PC 

•  T>12  2  AD  X  cot.  ZCP.  A  J  -r  1  r 

time  in  BE  —  - - - - - - And  it  the  fun 

S.PC 

be  going  from  A  to  D  (from  the  pole),  the  morn¬ 
ing  obfervation  will  be  at  C,  and  <C  CPZ  being 


CPZ  +  DPZ 


",  by  half 

X 


greater  than  ( the  half  fum) 

of  CPD  *,  that  half  mud  be  added  to  the  half  fum, 
to  find  CPZ,  or  the  true  time  of  noon.  And  the 
contrary,  when  the  fun  comes  towards  the  pole ,, 
for  then  D  would  be  the  morning  obfervation. 


III. 

The  foregoing  corredion  is  but  fmall,  and  in 
many  cafes  may  be  omitted,  efpecially  at  fea.  But 
there  is  another  corredion  more  material,  owing 
to  the  change  of  latitude.  For  if  this  prob.  is 
performed  on  fhip  board,  and  the  fhip  is  under  fail 
if  fhe  fails  uniformly  upon  one  courfe  during  the 
interval  of  the  obfervations,  and  alters  her  latitude 
much,  then  the  following  corredion  is  neceffary. 

Let  PZF  be  the  meridian,  IDC  the  fun’s  pa¬ 
rallel  of  declination  •,  P  the  pole,  D  and  C  two. 

M  4  obferved 
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Fig.  obferved  places  of  the  fun,  fuppofed  on  different 
24*  Tides  of  the  meridian  PZF,  Z  the  zenith  of  the 
place  where  D  is  obferved,  Q^  the  zenith  of  the 
place  where  C  is  obferved,  PD  and  PC  two  hour 
circles.  Then  in  the  triangle  ZPD,  there  will  be 
given  ZP,  PD,  and  alfo  ZD  by  obfervation,  as 
alfo  the  angle  DPZ  from  the  obferved  mean  time. 

Then  fay,  a$  S.ZD  :  $  ZPD  :  :  S.PD  :  S.PZD, 
Therefore  having  the  angle  Z,  and  the  arch  ZQJn 
minutes,  fay,  as  cof.  latitude  (ZP) :  cotan.  PZD  :  : 
2ZQ  :  to  the  corredlion  in  feconds  of  time. 

Then  this  corre&ion  muft  be  fubtrahted  from  the 
mean  time,  if  the  fhip  goes  towards  the  fun  *  but 
added,  if  going  from  it  ^  and  it  gives  the  true  time 
of  his  fouthing,  by  the  watch. 

For,  produce  the  meridians  PD  and  PC  to  cut 
the  equinohtiai  in  B  and  E,  and  draw  ZD,  QC 
the  complements  of  the  equal  altitudes.  Alfo 
draw  Qr,  D n9  perpendicular  to  ZD,  QC  •,  then 
as  ZQ,  DC  are  extremely  fmall,  Dr  will  be  equal 
to  Q 0,  and  fince  DZ  is  equal  to  QC,  therefore 
Z r  z z  C n.  But  by  fimilar  fedlors,  we  ihall  have, 

rad :  S.DP  : :  BE  (or  angle  DPC) :  DC  =  ?-FlxS'2£. 

rad 

'  And  in  the  triangle  ZDP,  S.DP  :  S.Z  : :  S.ZP  : 

•  S.PDZ  -  S  ZP  X  S-Z.  And  in  the  fmall  right- 

S.DP  b 

angled  plain  triangles  QZr  and  CD n9  we  fhall  have, 
rad  :  ZO  :  :  S.ZQr  or  cof.  Z  :  Zr  zz  —Q 

rad 

And  rad  :  DC  :  :  S.CDaZ  or  PDZ  :  C^,  that  is,  rad  : 
BE  x  S.DP  . .  S.ZP  x  S.Z  .  Q  __  BExS.  ZPxS.Z 

rad  S.DP  rad1 

=Zror^lJl£2.L5,  whence  BE-  ZQxcof.Zxrad 
rad  S  ZPxS.Z 

__  ZQx  cotan.  Z  j^QW  ZQ  be  exprelled  in 
S.ZP 

minutes^ 
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minutes,  BE  will  be  exprefied  in  minutes,  and  as  Fig, 
i  minute  ir  4  feconds  of  time,  the  time  in  BE  24. 

will  be  CQta,^,  and  half  the  time  in  BE 

S.  Z  P 

—  2ZQ  X  CQt^n_EZp ^  ^nd  jf  tbe  fhip  goes 

from  Z  to  Q,  the  morning  obfervation  will  be  at 
D,  and  the  evening  one  at  C  ;  and  the  angle  DPZ 
being  lefs  than  half  the  fum  of  DPZ  and  ZPC 
(which  denotes  the  mean  time),  by  half  BE  or  half 
the  angle  DPC  ;  therefore  pDPC  muft  be  fubtrac- 
ted  from  this  mean,  to  find  the  true  time.  And 
the  contrary  will  happen,  when  the  fhip  fails  from 
the  fun  ;  for  then  C  would  be  the  fun’s  place  at 
the  morning  obfervation  ;  and  D  at  the  evening 
one. 

Cor.  1.  This  Proh.  may  he  equally  ufeful  for  find¬ 
ing  the  time  of  the  moon's  fouthing  by  the  watch. 

Cor.  2.  If  inftead  of  the  fun ,  any  ftar  he  made 
ufe  of  \  the  correction,  in  the  II.  article ,  muft  be  omit¬ 
ted  ,  as  the  ftar  does  not  alter  its  declination . 

PROP.  XVIII.  Proh. 

To  take  the  altitude  of  the  fun  or  a  ftar,  when  the 
horizon  is  not  vifihle . 

It  frequently  happens,  that  when  an  obfervation 
is  wanted  and  the  fun  or  a  ftar  is  vifible,  that  the 
horizon  is  obfcured,  by  thick  hazy  weather ;  and 
often  in  calm  weather,  it  is  fo  ill  defined,  that  there 
is  no  certainty  in  taking  an  obfervation  from  it; 
and  yet  in  the  common  way,  it  is  abfolutely  necef- 
fary  to  have  a  clear  horizon.  Therefore  in  order 
to  fupply  this  defect,  one  method  is  this.  Fix  a 
fpirit  level  to  one  fide  of  a  common  quadrant. 
The  fpirit  muft  be  contained  in  a  glafs  tube  turned 

up 
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Fig.  up  at  the  ends.  This  tube  mud  be  as  long  as  the 
24.  fide  of  the  quadrant,  and  very  ftrait  in  the  middle, 
that  the  fpirit  may  flow  very  flowly  through  it,  and 
hinder  its  fpilling,  when  held  obliquely.  The  ends 
that  turn  up  mult  be  wider,  and  when  the  fpirit 
is  in,  they  muft  be  cemented  clofe  up,  all  but  a 
very  fmall  hole  in  each,  in  which  two  pins  are  to  be 
put  when  the  inftrument  is  not  ufed.  But  when  the 
inftrument  is  placed  ready  for  ufe,  thefe  pins  muft 
be  taken  out,  to  admit  the  free  ingrefs  and  egrefs 
of  the  air.  To  adjuft  the  tube,  let  it  be  well  fixt 
to  the  fide  of  the  quadrant ;  than  place  that  fide 
exadtly  horizontal',  and  taking  out  the  pins,  ob- 
ferve  how  high  the  fpirit  rifes  in  each  end  of  the 
tube  ;  mark  thefe  places  exadily.  And  therefore 
when  ever  the  quadrant  is  fo  placed,  that  the  fpirit 
rifes  to  thefe  marks,  you  may  be  fure,  that  fide  of 
the  quadrant  lies  truly  horizontal.  This  quadrant 
muft  have  an  index  moveable  on  the  center  *,  and 
this  index  may  either  have  plain  fights,  or  a  fhort 
telefcope  fixt  to  it.  The  whole  inftrument  thus  fit¬ 
ted  up,  may  ftand  upon  a  ftaff  or  pedeftal.  To 
obferve  with  it,  place  it  fo  that  the  fpirit  may  rife 
to  the  two  marks  *,  there  fix  it,  and  diredting  the 
index  towards  the  fun  or  ftar,  the  graduated  edge 
will  fiiew  the  altitude.  It  would  be  convenient  to 
have  an  afliftant  to  keep  the  inftrument  level,  whilft 
you  are  taking  the  altitude. 

Another  method  is,  to  add  a  mercurial  level  to 
Davis9 s  quadrant,  thus.  Inftead  of  having  the 
fight  vane  to  move  upon  the  30  degrees  arch,  it  is 
fixt  to  an  index  which  moves  about  the  center  of  the 
inftrument.  To  this  index  is  fixt  the  mercurial 
level  •,  which,  like  the  laft,  confifts  of  a  glafs  tube 
turned  up  at  the  ends ;  the  middle  part  of  the  tube 
muft  be  extremely  narrow,  and  the  ends  that  turn 
up,  muft  be  wider,  being  twice  or  thrice  the  dia¬ 
meter  of  the  middle  or  more  ;  this  is  to  prevent  the 

vibra- 


Sea.  III.  NAVIGATION.  171 

vibratory  motion  of  the  mercury.  The  two  ends  Fig, 
have  their  tops  flopped  with  pieces  of  wood  ce¬ 
mented  in  them,  and  thro’  theie  pieces  of  wood  are 
made  two  very  fmall  holes,  in  which  two  pins  are 
put,  when  the  inflrument  is  at  reft ;  but  taken  out 
when  ufed,  to  let  the  air  enter,  that  the  mercury 
may  reduce  itfelf  to  a  level.  The  horizontal  part 
of  the  tube  muft  be  as  long  as  the  index. 

To  adjuft  the  inflrument,  let  the  index  be  fo  pla¬ 
ced,  that  the  flit  in  the  fight  vane,  and  that  in  the 
horizontal  vane  may  be  exactly  upon  a  level.  Then 
pour  mercury  into  the  tube  till  it  rife  to  the  fame 
level  in  both  ends  of  the  tube,  and  no  higher;  then 
is  your  inflrument  correct.  Therefore  when  at  any 
time  the  index  is  fo  placed,  that  the  mercury  in 
both  legs  comes  juft  to  the  line  of  viflon  drawn  be¬ 
tween  the  two  flits  in  the  fight  vane  and  horizontal 
vane ;  then  that  line  lies  horizontal.  And  a  viflble 
line  ought  to  be  drawn  on  the  index  to  fhew  this. 

To  ufe  the  inflrument,  the  obferver  muft  chufe 
a  convenient  place,  where  there  is  the  leaf!:  mo¬ 
tion  or  wind  to  difturb  him.  Then  fitting  down, 
and  taking  hold  of  the  inflrument  as  ufual,  and 
looking  thro5  the  flits  in  the  two  vanes,  move  the 
index  till  the  top  of  the  mercury  in  the  tube 
be  in  the  fame  line,  there  keep  it,  whilft  you 
move  the  inflrument  up  or  down,  till  the  fun 
through  the  flit  of  the  fhadow  vane  fall  on  the 
flit  of  the  horizontal  vane;  when  all  thefe  things 
agree,  obferve  the  degrees  cut,  and  you  will  have 
the  zenith  diftance,  as  ufual.  Here,  in  looking 
thro5  the  two  flits,  you  obferve  the  top  of  the  mer¬ 
cury  in  the  tube,  which  ferves  for  the  horizon  ;  fo 
that  the  end  of  the  index  is  moved  in  the  fame 
manner,  as  the  fight  vane  ufually  is. 

To  obferve  a  ftar,  flnce  it  can  caft  no  fhadow ; 
to  have  it  in  a  line  with  the  horizon  vane  and  fha¬ 
dow  vane ;  another  perfon  muft  look  for  the  ftar 

thro* 
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Fig.  thro’  the  two  flits  ;  the  index  being  kept  in  its  pro¬ 
per  pofltion. 

By  this  improvement,  the  want  of  a  horizon  is 
fupplied  •,  fo  that  an  obfervation  may  be  made  from 
any  headland,  or  any  harbour,  or  any  place  on  fhore, 
where  the  fun  can  be  feen,  without  any  regard  to 
the  horizon  ^  for  the  true  level  will  always  be  pre¬ 
ferred,  whether  on  the  top  of  a  mountain,  or  at 
the  furface  of  the  fea. 

To  compleat  the  art  of  Navigation,  thefe  three 
things  are  abfolutely  neceflfary;  the  variation  of 
the  compafs,  the  latitude  of  the  fhip,  and  the  lon¬ 
gitude  of  it.  The  fir  A:  may  be  found  by  an  am¬ 
plitude  or  azimuth ;  the  fecond  is  known  from  the 
fun’s  meridian  altitude,  by  the  help  of  this  Prop, 
the  third  is  ftill  a  fecret,  and  likely  to  continue  fo. 
For,  tho’  many  thoufand  pounds  have  been  paid 
for  the  pretended  difcovery  thereof ;  I  doubt  we 
fhall  flill  remain  juft  as  wife  as  we  were  before  the 
difcovery  •,  except  the  ill  fucccefs  of  it  happens  to 
teach  us  fo  much  wit,  as  to  take  better  care  of  our 
money  for  the  future.  And  indeed  all  unlikely  ways 
and  means  for  this  purpofe,  have  been  propofed 
and  profecuted ;  whilft  the  only  probable  method  is 
never  thought  of,  or  quite  negledted. 
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DIALLING. 

OR  THE 

Art  of  drawing  Dials, 

O  N 

All  Sorts  of  Planes  whatfoever. 

In  THREE  PARTS. 

Sed.  I.  The  fundamental  Principles  of  Di¬ 
alling. 

Sed.  II.  The  Pradlee  of  Dialling,  illus¬ 
trated  on  all  kinds  of  Planes, 

t 

i 

Sed.  III.  Of  defcribin^  *the  common  Furni- 
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ture  of  Dials  ;  and  the  Construc¬ 
tion  of  fome  ufeful  Dials  of  other 
kinds. 


temper  a  labuntur ,  tacitifque  fenefeimtts  annis  \ 
Et  fugiunt  fresno  non  remorante  dies. 
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THE 

P  R  E  F  A  C  E. 

A  S  the  meafuring  of  time  exactly  is  a  matter  of  great 
confequence  in  all  human  affairs  ;  without  which  we 
could  not  rightly  know  when  to  go  about  any  particular  bufi- 
nefs ;  therefore  Dialling  becomes  a  neceffary  art.  For  as  cer¬ 
tain  times  and feafons  are fet  apart  as  mofl  proper  for  perform¬ 
ing  fuch  and  fuch  a  biions,  in  which  we  are  conflantly  imploy - 
ed  ;  not  only  in  the  fever al  parts  of  the  year,  but  at  different 
times  of  the  day  ;  therefore  we  have  need  of  fome  fuch  irftru- 
ment  as  a  dial,  to  direbt  us  to  thefe  ablions,  and  to  inform  us 
when  thefe  fever  al  periods  of  time  are  come.  And  tho ’  we 
be  furnijhed  with  fome  forts  of  moving  machines,  which  will 
do  this,  as  clocks  and  watches ;  yet  thefe  are  often  out  of  or¬ 
der,  apt  to  flop  and  go  wrong,  and  therefore  require  frequently 
to  he  regulated  and  fet  right,  by  fome  unerring  infrument  as 
a  dial ;  which  being  rightly  conjirubled,  will  always  ( when 
the  fun  Jhines )  tell  us  truth.  And  therefore  whether  we  have 
any  clocks  or  not,  we  fhould  never  be  without  a  dial. 

Fhe  original  of  Dials  feems  to  be  this.  IVhen  men  atten-' 
tively  obferved  the  fun  s  circular  motion  daily  round  the  earth  ; 
that  in  the  morning  he  rofe  in  the  eaft,  moved  about  to  the 
fouth,  and  from  thence  to  the  weft,  in  the  evening,  where  he 
fet.  They  would  at  the  fame  time,  obferve  the  alteration  of 
the  fhadows  ;  that  they  ivere  projected  firft  one  way  and  then 
another  ;  moving  round  as  the  fun  did,  but  towards  oppofte 
points  ;  and  that  they  grew  longer  and  for  ter  as  the  fun  aj- 
cended  higher  or  funk  lower.  Fhis  would  give  the  mofl  ob¬ 
vious  hint  oj  meafuring  time  by  fnadows,  Gr  for  making  of 
dials  :  tho ’  they  could  not  be  exactly  executed  without  the  rules 
cf  art,  which  therefore  were  neceffary  to  be  known,  and  are 
tbe  Subjebf  of  this  ’Treatife .  For  as  the  motion  of  the  fun  is 
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the  meafure  of  time  ;  fo  no  apter  method  could  be  thought  on, 
than  to  /hew  the  time  of  the  day  by  the  Jhadow  of  fome  index , 
properly  fixt  upon  a  plane. 

At  the  firft ,  only  three  parts  of  the  day  were  diflinCily  oh- 
ferved ,  which  were  fun  rife ,  noon,  and  fun  fet ;  but  this  di- 
vifion  being  too  general ;  they  afterwards  divided  the  natural 
day  into  24  parts  or  hours ,  as  a  number  very  proper  and  com¬ 
modious,  for  diftingui/hing  the  various  times  of  the  day ,  which 
were  to  be  difiinCtly  /hewn  by  a  dial. 

The  foundation  of  Dialling  is  entirely  depending  upon  Af- 
tronomy.  For  the  lines  on  a  dial  which  Jhew  the  hours,  are 
the  interfeClions  of  the  fever al  hour  circles ,  with  the  plane  of 
the  dial.  And  to  project  thefe  hour  lines ,  is  the  fame  thing 
as  to  project  the  fphere ,  upon  the  dial  plane.  And  therefore 
the  making  of  dials  depends  upon  projecting  the  Jphere ,  par¬ 
ticularly  the  gnomonic  projection ,  ivhich  is  naturally  adapted 
to  this  pwpofe ;  and  which  we  have  treated  on  before. 

In  the  following  Book ,  the  firjl  feCtion  contains  the  grounds 
cf  this  art ;  by  /hewing,  how  the  fever  al  requifites  are  to  be 
found ,  by  the  interfeCtions  of  the  circles  of  the  fphere,  with  the 
plane  of  the  dial ,  from  the  principles  of  fpherical  trigonome¬ 
try  ;  from  ivhich  the  practical  rules  are  deduced. 

The  fecond  feCtion  contains  the  practice,  and  that  three  dif¬ 
ferent  ways.  1.  Geometrically ,  by  rule  and  compafs,  which 
depends  upon  the  gnomonic  projection  of  the  fphere ,  before  deli¬ 
vered.  2.  By  trigonometrical  calculation ,  by  the  tables  of  fines 
and  tangents ,  which  is  the  mofi  exaCt  way.  3.  By  the  lines 
upon  Collin's  Dialling  fate,  ivhich  is  a  method  extremely 
eafy  and  ready. 

The  third  feCtion  /hews  the  way  of  making  fame  other  forts 
of  dials  ;  and  drawing  the  furniture  upon  any  common  dial ; 
that  is  the  projection  of  the  fever  al  circles  of  the  fphere  ;  and 
infecting  therein ,  fuch  hours  as  have  been  ufed  by  other  nations. 
And  thd  thefe  things  are  not  abfolutely  nece/fary,  they  may 
ferve  fometimes  as  an  ornament  for  a  dial . 


W.  Emerfon. 
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t 

DEFINITIONS. 

j  .  f\  ^  \ 

D  E  F.  I. 

DIALL I NG  or  Gnomonicks ,  is  the  art  of 
making  Dials,  and, 

D  E  F.  II. 

A  Dial  is  an  inftrument  for  {hewing  the  hour  of 
the  day,  by  the  fun’s  fhining  upon  it. 

The  moil  common  and  ufefui  fort  of  dials,  are 
thofe  where  the  hour  lines  are  defcribed  on  fome 
plane  furface,  upon  which  the  fhadow  of  an  index 
falling,  {hews  the  hour  by  the  termination  of  its 
fhadow. 

D  E  F.  III. 

Dial  planes,  are  thofe  planes  on  which  dials  are 
or  may  be  defcribed.  And  therefore  any  plane  up¬ 
on  which  the  fun  can  fhine,  may  be  a  dial  plane. 
All  dials  are  denominated  from  that  great  circle  of 
the  fphere,  to  which  the  dial  plane  is  parallel. 
Hence, 

D  E  F.  IV, 

A  horizontal  Dial ,  is  a  dial  drawn  on  a  plane  pa¬ 
rallel  to  the  horizon. 

D  E  F.  V. 

An  equinoctial  Dial ,  is  upon  a  plane-  parallel  to 
the  equinoctial. 

B  D  E  F, 
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D  E  F.  VI. 

Ere  ft  or  vertical  Dials ,  are  fuch  dials  as  are  drawn 
on  upright  planes,  or  thofe  perpendicular  to  the 
horizon. 

D  E  F.  VII. 

A  direft  Dial ,  is  a  dial  drawn  on  a  plane  facing 
the  eaft,  weft,  north,  or  fouth  ;  and  is  accordingly 
called  an  Eaft  dial ,  a  IV eft  dial ,  a  North  dial ,  and  a 
South  dial.  The  eaft  and  weft  dials  are  parallel  to 
the  meridian ;  and  the  north  and  fouth  dials  are 
parallel  to  the  prime  vertical. 

D  E  F.  VIII. 

A  declining  Dial ,  is  one  that  faces  none  of  the 
cardinal  points,  but  declines  towards  the  eaft  or 
weft.  Thele  are  a  fouth-eaft  decliner ,  a  fouth-weft 
de cliner,  a  north- eaft  decliner >  and  a  north-weft  de¬ 
cliner . 

D  E  F.  IX. 

An  inclining  or  oblique  Dial ,  is  one  whofe  plane 
ftands  at  oblique  angles  upon  the  horizon.  And 
thele  may  be  either  dired  ones  or  decliners. 

D  E  F.  X. 

A  reclining  Dial ,  is  one  whofe  plane  leans  back¬ 
wards,  or  from  you. 

D  E  F.  XL 

A  'pro dining  or  ac dining  Dial  (Tome times  called  an 
incliner),  is  one  whofe  plane  leans  forwards  or  to¬ 
wards  you.  The  planes  on  which  thefe  are  drawn 
will  be  procliners  (or  incliners)  on  one  fide,  and 
recliners  on  the  other. 

D  E  F.  XII. 

Declination  of  a  plane,  is  an  arch  of  the  horizon, 
contained  between  the  plane  and  the  prime  verti¬ 
cal  ;  or  between  the  meridian  and  a  plane  perpen¬ 
dicular 


3 


DIALLING. 

dicular  to  the  dial  plane  ;  and  is  always  reckoned 
from  the  fouth  or  north. 

D  E  F.  XIII. 

Reclination  and proclination  of  a  plane,  is  the  an¬ 
gle  it  makes  with  a  vertical  plane  ;  or  it  is  the  num¬ 
ber  of  degrees  that  the  plane  leans  from  you  or  to¬ 
wards  you,  reckoned  from  the  zenith  ;  being  the 
plane’s  diflance  from  the  zenith.  But  Inclination 
is  properly  the  angle  the  plane  makes  with  the 
horizon. 

D  E  F.  XIV. 

The  center  of  a  Dial,  is  the  point  where  all  the 
hour  lines  meet,  or  towards  which  they  tend. 

D  E  F.  XV. 

The  Stile  *  Gnomon  or  Cock  of  a  Dial,  is  a  pin,  or 
piece  of  metal,  &c.  raifed  perpendicular  upon  the 
plane  of  the  dial;  by  the  fhadow  of  this,  as  an, 
index,  the  hour  of  the  day  is  known. 

D  E  F.  XVI. 

The  Subftile ,  is  the  line  on  which  the  fbile  is 
erected,  perpendicular  to  the  plane  of  the  dial. 
This  always  goes  thro’  the  center  of  the  dial. 

D  E  F.  XVII. 

Stile's  height ,  is  the  angle  which  the  top  edge  of 
the  ftile  makes  with  the  fubftile ;  that  is,  when  the 
itile  is  in  the  form  of  a  triangle.  And  then  the  an¬ 
gular  point  is  at  the  centre  of  the  dial.  But  if  the 
fbile  is  a  pin,  the  height  is  the  perpendicular  length 
of  it ;  if  a  parallelogram,  the  center  is  at  an  infi¬ 
nite  diftance. 
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D  E  F.  XVIII. 

j The  fubftile’s  diftance  from  the  meridian,  is  the 
angle  which  the  fubftile  makes  with  the  12  o’clock 
line. 

D  E  F.  XIX. 

Meridian  of  the  plane ,  is  the  meridian  perpendi¬ 
cular  to  the  plane  of  the  dial  ;  and  therefore  it  is 
the  fame  as  the  fubftile.  This  is  quite  different 
from  the  meridian  of  the  place,  which  is  that  me¬ 
ridian  which  is  perpendicular  to  the  horizon. 

D  E  F.  XX. 

Height  of  the  meridian,  is  an  arch  of  the  great 
circle  or  dial  plane,  comprehended  between  the  ho¬ 
rizon  and  meridian  of  the  place. 

D  E  F.  XXL 

Plane’s  difference  of  longitude ,  is  the  angle  on  the 
fpiiere  contained  between  the  meridian  of  the  place 
and  the  meridian  of  the  plane  ;  this  is  alfo  called 

the  inclination  of  meridians . 

D  E  F.  XXII. 

Hour  arch ,  is  an  arch  of  the  equinoctial,  anfwer- 
ing  to  the  time;  or  the  angle  at  the  pole.  Thus 
.1 5  degrees  anfwrer  to  i  hour,  30  deg.  for  2  hours, 
43  degrees  for  3  hours,  &c,  This  takes  its  be¬ 
ginning  at  the  fubftile. 

D  E  F.  XXIII. 

Hour  angle ,  is  the  angle  which  any  hour  line  up¬ 
on  the  plane  of  the  dial  makes  with  the  fubftile. 

D  E  F.  XXIV. 

The  horizontal  line ,  is  a  line  drawn  parallel  to  the 
plane  of  the  horizon  in  any  dial ;  and  is  made  by 

the 
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the  horizontal  plane  cutting  the  dial  plane,  and 
palling  thro5  that  point  of  the  ftile,  whofe  ill  ado  w 
fhews  the  hours.  In  like  manner, 

D  E  F.  XXV. 

tfhe  equinoctial  line ,  is  the  interfeCtion  of  the 
plane  of  the  equinoctial  and  dial  plane  •,  an  azi¬ 
muth  line ,  the  interfedtion  of  any  azimuth  with  the 
dial  plane,  &c.  i 

D  E  F.  XXVI. 

tfhe  contingent  line ,  is  a  line  drawn  thro’  the  foot 
of  the  {tile  perpendicular  to  the  fubftile  ;  and  ferves 
inftead  of  the  equinoctial  for  finding  the  hour  points 
upon  it,  thro5  which  the  hour  lines  are  to  be  drawn* 
When  the  contingent  does  not  pafs  thro’  the  foot 
of  the  itile,  it  repreferxts  the  equinoctial. 
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SECT.  I. 

The  foundation  of  Dialling,  and  the  ge¬ 
neral  properties  of  Dials ,  and  Dial 
Planes.  The  Rules  for  calculating 
all  the  Requifites .  To  find  the  time 

of  the  fun  s  fhining  on  any  Plane. 
Explanation  of  the  lines  on  the  Dial¬ 
ling  Scale. 
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PROP.  I. 

v  l 

JF  a  right  line  he  fixt  any  where  upon  the  earthy 
parallel  to  the  earth’s  axis  ;  the  fhadow  thereof  by 
the  fun ,  moves  uniformly  about  it ,  defcribing  equal  an* 
gles  in  equal  times . 


It  Is  matter  of  obfervation  that  the  fun  apparent¬ 
ly  moves  about  the  earth  in  24  hours,  with  a  uni¬ 
form  motion,  defcribing  15  degrees  of  the  equi¬ 
noctial  every  hour.  And  altho5  this  apparent  mo¬ 
tion  of  the  fun  is  really  to  be  afcribed  to  the  earth, 
which  actually  moves  uniformly  round  its  axis  in 
24  hours ;  yet  we  may  refer  this  motion  to  the  fun, 
as  it  makes  no  manner  of  difference  in  the  appear¬ 
ances,  for  the  riling,  fouthing,  fetting,  and  horary 
motions,  will  all  be  exaCtly  the  fame  whether  the 
motion  be  in  one  or  the  other.  This  fuppofi- 
tion  of  the  fun’s  uniform  diurnal  motion,  is  the 
foundation  of  all  the  meafures  we  have  of  time  •, 

and 
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and  particularly  the  whole  art  of  Dialling  depends  Fig« 
upon  that  fuppofition.  Now  fuppofe  the  fun  in 
motion  round  the  earth’s  axis,  and  that  this  axis 
by  the  fun’s  rays  calls  a  ihadow  •,  this  ihadow,  being 
in  a  right  line  with  the  fun  which  is  the  luminous 
body,  and  the  axis  which  is  the  opaque  body,  will 
always  be  on  oppofite  Tides  of  the  axis,  from  the 
fun  •,  and  therefore  if  the  fun  moves  uniformly, 
the  ihadow  will  likewife  move  uniformly  about  this 
axis. 

Let  AB  be  the  earth’s  axis,  CD  any  other  line  i. 
on  the  earth,  parallel  to  it.  Let  ER  be  drawn 
perpendicular  to  AB,  CD,  and  in  the  plane  of  the 
fun’s  motion  ^  to  cut  them  in  the  points  F  and  L. 
Suppofe  MF1,  NLK  drawn  from  the  fun.  Then 
by  reafon  of  the  vail  diilance  of  the  fun,  and  the 
fmall  diilance  of  the  points  F  and  L  upon  the 
earth  compared  therewith ;  the  lines  MF  and  NL 
are  to  be  looked  upon  as  parallels.  Therefore  the 
angle  RFM  is  equal  to  the  angle  RLN  •,  and  thefe 
being  equal  to  the  alternate  angles  GFI  and  HLK 
made  by  the  fhadows,  thefe  alternate  angles  will 
alfo  be  equal.  Hence,  whilil  the  fun  iee  ms  to 
move  thro’  the  angle  RFM  about  F,  it  will  alfo 
feem  to  move  thro’  the  equal  angle  RLN  about  L. 

And  at  the  fame  time  the  ihadow  of  F  will  move 
thro’  the  angle  GFI,  whilil  the  ihadow  of  L  will 
move  thro’  the  equal  angle  HLK.  And  therefore 
both  the  fun  and  the  fhadow  of  L  move  uniformly 
about  CD.  And  thus  the  ihadov/  of  any  other  point, 
and  confequently  the  whole  plane  or  the  fhadow 
of  CD,  moves  uniformly  about  CD. 

Cor.  i.  Hence  if  the  place  of  the  fhadow  of  this 
line  CD  he  marked ,  or  drawn  with  a  black  liney  at 
any  given  hour  \  every  day  when  the  fun  returns ,  its 
fhadow  Jh all  fall  upon  the  fame  black  line ,  at  the  fame 
hour  of  the  day . 


Cor. 


8  DIALLING. 

Fig.  Cor.  2.  therefore  if  a  line  be  fixed  parallel  to  the 
i.  earth's  axis  in  any  fix t  plane  ,  and  the  place  of  its 
Jhadow  be  marked  at  i  2  o'clock  ,  and  likewife  where 
it  cuts  the  plane  at  every  1 5  degrees  of  revolution  of 
the  fa adow,  thefe  marks  will  denote  the  hours  of  the 
day ,  and  the  Jhadow  will  meafure  time  as  truly  upon 
that  plane ,  as  the  fun  itfelf  does  in  the  heavens  ,  that 
is ,  there  will  be  confirudled  a  true  fun  dial. 

For  as  the  fun  moves  thro5  *  5  degrees  every 
,  hour,  the  fhadow  will  likewife  move  thro5  1 5  de¬ 
grees  every  hour,  in  its  revolution  round  CD 
and  therefore  its  interfedlion  with  the  fixt  plane, 
inuft  needs  point  out  the  feveral  hours. 

Cor.  3.  Hence  it  is  the  very  fame  things  whether 
a  dial  be  drawn  upon  any  given  plane ,  or  uvon  that 
great  circle  of  the  fphere  which  is  parallel  to  it . 

PROP.  II. 

If  a  line  be  erebled  perpendicular  to  a  plane ,  and 
the  top  of  it  defcribe  any  curve  therein ,  by  its  jhadow 
in  the  fun.  If  the  plane  be  removed  to  any  other 
place  on  the  earthy  in  a  quite  parallel  fituation  \  the 
Jhadow  will  defcribe  the  very  fame  curve  as  before ,  and 
at  the  fame  lime . 

I  call  that  fituation  of  a  plane  quite  parallel ,  when 
it  not  only  continues  parallel  to  itfelf,  or  to  fome 
original  plane,  to  which  it  was  parallel  at  firth  ; 
but  alfo  when  any  right  line  drawn  in  it,  continues 
parallel  to  itfelf,  or  to  fome  original  line,  to  which 
it  was  at  firft  parallel.  When  only  the  parallelifm 
of  the  plane  is  regarded,  it  may  have  an  infinite 
number  of  pofitions,  for  any  one  fide  of  it  may  be 
up  or  down.  But  when  a  certain  line  drawn  in  it, 
is  to  have  the  fame  pofition,  and  tend  the  fame 
way,  this  fixes  its  fituation,  if  the  face  of  the 

plane 
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plane  looks  the  fame  way  as  before.  So  that  ifFi 
a  plane  is  moved  from  one  place  to  another,  io  that  2 
it  continues  always  parallel  to  itfelf,  and  a  right 
line  drawn  in  it  continues  parallel  to  itfelf ;  that 
plane  is  always  in  the  required  Situation.  This  be¬ 
ing  explained. 

Let  the  line  AB  be  ere&ed  perpendicular  to  the 
plane  CD,  and  let  A  the  top  of  it  by  its  fhade  in 
the  fun,  defer! be  the  curve  FGHL  Then  if  it 
be  removed  to  cd ,  in  fuch  a  parallel  Situation  ^  and 
the  curve  fghi  be  deferibed  by  the  Shadow  of  the 
top  a.  This  curve  will  be  the  very  fame  as  FGHL 
For  draw  FB,  GB,  and  /#,  gb.  And  let  SAF, 
TAG  be  the  fun’s  rays,  when  the  fhadow  is  at  F 
and  G  ;  and  faf ,  tag ,  his  rays  when  the  fhadow  is 
at/  and  g.  Then  from  the  vaft  cliftance  of  the 
fun,  and  consequently  from  the  parallelifm  of  the 
rays  SF,  sf  at  the  fame  moment,  and  of  TG,  tg+ 
alto  at  the  fame  moment,  another  time  ;  we  Shall 
have  the  angle  AFB  zz  afb ,  and  AGB  —  agb,  alfo 
FAG  —fag.  And  Since  the  perpendicular  ah  zz  AB, 
therefore  af~  A  F,  ag  zz  AG,  whence  fg  zz  FG. 
After  the  fame  manner  is  proved  that  gh  zz  GH, 
and  hi  zz  HI,  &c.  Therefore  the  whole  curve  fghi 
is  the  fame  as  the  curve  FGHL  And  becaule  the 
plane  is  in  a  parallel  Situation,  the  angle  cbf  zz  C8F  ; 
and  therefore  the  curve  is  in  the  fame  pofition  in 
refpeCt  of  any  line  drawn  upon  the  plane. 

It  is  to  be  noted,  that  when  the  fun  is  in  the  e- 
quinpCtial,  then  FGHI  or  fghi  will  be  a  right  line. 
For  the  equinoctial  being  a  great  circle,  its  plane 
will  cut  any  other  plane  in  a  right  line,  fuppofmg 
it  either  at  the  center  of  the  earth,  or  any  way  on 
its  Surface.  For  any  point  of  the  earth,  as  well 
as  the  center,  may  be  taken  for  the  center  of  the 
equinoCtial,  or  of  the  fun’s  motion  at  that  time. 
But  at  other  times  the  earth  is  not  in  the  center  of 

the 
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Fig.  the  fun’s  motion.  For  the  line  drawn  from  the 

2.  earth  to  the  fun  continues  not  in  one  plane,  but 
defcribes  a  conic  furface,  and  therefore  the  curve 
FGHI  will  be  fome  conic  feffion. 

Cor.  i.  Hence  the  motion  of  the  fhadow  of  a  point 
as  A,  upon  a  plane  CD,  is  the  very  fame ,  whether 
the  plane  he  placed  in  the  center  of  the  earthy  or  any 
way  on  its  furface ,  provided  it  be  in  a  fituation  quite 
parallel . 

Cor.  2  The  place  of  the  fhadow  at  the  fame  mo¬ 
ment^  will  he  at  the  fame  place  G  or  g,  whether  the 
place  he  at  CD  or  cd. 

PRO  P.  III. 

If  a  line  he  elevated  above  a  plane  and  fixt  there , 
its  JJoadow  will  he  the  fame ,  at  the  fame  moment  of 
time ,  whatever  part  of  the  earth  it  is  placed  in ,  pro¬ 
vided  it  he  in  a  fituation  quite  parallel. 

3.  Let  the  line  AO  be  raifed  above  the  plane  CD, 
and  fixt  there,  interfering  the  plane  in  O.  From 
any  point  in  it  as  A,  let  fall  the  perpendicular  AB 
upon  the  plane.  From  the  fun  at  S,  draw  the 
line  SAG  interfering  the  plane  in  G.  Then  (by 
Cor.  2.  of  the  laft  Prop.),  the  fhadow  of  A  at  that 
inflant  will  fall  upon  G,  wherever  the  plane  CD  is 
placed,  fo  as  to  be  in  a  pofition  quite  parallel. 
But  if  a  plane  be  drawn  thro5  the  fun  at  S,  and 
the  line  AO,  it  will  cut  the  plane  CD  in  the  right 
line  GO  ;  where  AGO  is  the  plane  of  the  fhadow, 
and  GO  the  line  of  fhadow.  Confequently  the 
fhadow  of  AO,  will  at  the  fame  moment  fall  upon 
the  fame  line  GO  wherever  the  plane  CD  is  placed, 
in  a  quite  parallel  fituation. 

And  if  the  flile  AO  be  parallel  to  the  plane 
CD,  the  fhadow  will  fall  on  the  fame  line,  in  all 

places ; 
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places*,  as  will  be  evident  by  letting  fall  a  per- Fig. 
pendicular  from  any  other  point  of  the  line ;  for  3. 
the  Ihadow  of  that  point,  will  always  fall  upon  the 
fame  point  of  the  plane ;  and  the  line  of  Ihadow 
drawn  thro’  thefe  two  points  will  always  be  the 
fame. 

PROP.  IV. 

In  every  dial  that  has  a  ftile ,  the  edge  of  it ,  that 
gives  the  jhadow ,  mufi  always  be  parallel  to  the  earth's 
axis ,  and  point  directly  to  the  two  poles . 

It  has  been  fhewn  in  Prop.  I.  that  the  fun  moves 
uniformly  about  the  earth’s  axis  ;  and  confequently , 
by  reafon  of  the  fun’s  great  diftance,  it  alfo  moves 
uniformly  about  any  line  parallel  thereto.  That 
is,  if  a  plane  be  fuppofed  to  be  drawn  perpendicu¬ 
lar  to  the  earth’s  axis,  or  to  this  line,  and  a  circle 
be  defcribed  about  the  ftile,  as  the  equinodbial  cir¬ 
cle  is  about  the  earth’s  axis ;  then  the  fun,  and 
confequently  the  fhadow,  which  is  oppofite  to  it, 
will  move  uniformly  in  this  circle,  defcribing  equal 
angles  or  equal  arches  in  equal  times.  And  this  it 
will  always  do,  from  the  parallelifm  of  the  ftile  to 
the  earth’s  axis.  But  alter  the  pofition  of  the  ftile, 
fo  that  it  may  not  be  parallel  to  the  earth’s  axis,  as 
before ;  and  then  no  fuch  regular  motion  will  be 
made  about  it  by  the  Ihadow.  Therefore  the  po¬ 
fition  of  the  ftile  to  Ihew  this  regular  motion  of 
the  fun,  muft  be  fuch,  as  to  be  parallel  to  the 
earth’s  axis,  or  to  point  diredbly  to  the  two  poles. 

Cor.  Hence  the  file  muft  be  fo  fxt  upon  any  dial 
plane ,  that  its  edge  may  point  direftly  to  that  pole 
which  is  elevated  above  the  dial  plane . 
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Fig. 

3.  F  R  O  P.  V. 

In  any  dial ,  the  angle  of  the  file's  height  above  the 
fubflile ,  is  equal  to  the  height  of  the  pole  above  the 
plane  of  the  dial. 

It  has  been  proved  in  the  laffc  Prop,  that  the  flile 
mufl  be  parallel  to  the  earth’s  axis.  Now  the  an¬ 
gle  that  the  axis  of  the  earth  makes  with  a  great 
circle  of  the  fphere  parallel  to  the  dial  plane,  is 
meafured  by  the  arch  of  a  great  circle,  which  is 
perpendicular  to  the  former,  and  palling  thro’  the 
earth’s  axis,  which  arch  is  contained  between  the 
parallel  great  circle  and  the  axis,  or  the  angle  which 
the  axis  makes  with  that  parallel  great  circle.  But 
this  angle  is  the  elevation  of  the  pole  above  that 
great  circle.  And  fince  the  fbile  is  parallel  to  the 
earth’s  axis,  and  the  fubflile  parallel  to  the  inter- 
fedlion  of  the  perpendicular  circle  with  the  paral¬ 
lel  circle ;  therefore  the  contained  angles  will  be 
equal  •,  that  is,  the  angle  of  the  fbile  and  fubflile 
is  equal  to  the  elevation  of  the  pole  above  the  dial 
plane,  or  above  its  parallel  great  circle. 

Cor.  1.  If  the  dial  plane  be  parallel  to  a  great  cir¬ 
cle  paffing  thro 9  the  poles  \  the  file  will  have  no  angle 
of  elevation  at  all  above  the  dial  plane ,  but  will  be 
parallel  to  the  fubflile , 

Cor.  2.  If  the  ftile  be  continued  thro 9  the  plane  on 
the  other  fide its  angle  with  the  fubflile  will  be  equal 1 
to  the  height  of  the  other  pole ,  above  the  other  fide  of 
the  plane. 

For  the  alternate  angles  being  equal,  the  height 
of  the  ftile  above  the  fubflile,  is  the  fame  on  the 
other  fide  of  the  plane.  And  the  height  of  the  pole 
being  the  fame  on  both  Tides  its  parallel  great  cir¬ 
cle, 
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cle,  it  will  alfo  be  the  fame  on  both  fides  the  dial  Fig. 
plane ;  that  is,  equal  to  the  angle  of  the  ftile  and 
lubftile. 

PROP.  VI. 

v  r 

•  r  ■  ■■  *■  ‘ 

The  inter  fetation  of  the  meridian  of  the  place  and 
the  plane  of  the  diaf  is  always  the  hour  line  of  12 
o'clock  ;  and  all  the  other  hour  lines  are  the  interfeffi- 
ons  of  the  fever al  meridians  or  hour  circles  with  the 
plane  of  the  diaf  all  pajfing  thro ’  the  file . 

It  is  plain,  that  when  the  fun  is  in  the  meridian 
of  anyplace,  that  it  is  12  o’clock  in  that  place. 

But  the  plane  of  the  meridian  pafles  thro’  the  ftile, 
and  the  fhadow  of  the  ftile  being  in  the  fame  plane 
with  the  ftile  and  the  fun  ;  this  fhadow  will  appear 
on  the  dial  plane  where  the  meridian  interfecfs  it; 
and  therefore  this  interfedtion  is  the  hour  line  of  12. 

Likewife  fince  all  the  meridians  interfedt  one 
another  in  the  earth’s  axis,  they  may  be  fuppofed 
to  interfedt  one  another  in  the  ftile,  which  is  pa¬ 
rallel  to  the  axis,  fince  all  the  motions  and  revo¬ 
lutions  are  alike  performed  round  both.  And  fince 
the  fun,  the  ftile,  and  the  fhadow,  are  all  in  one 
plane ;  the  fhadow  muft  appear  where  this  plane 
interfedts  the  dial  plane.  And  therefore  when  the 
fun  is  in  any  hour  circle,  the  fhadow  will  fall  upon 
that  interfedtion,  which  therefore  will  be  the  proper  \ 
hour  line  at  that  time. 


Cor.  1.  All  the  hour  lines  meet  in  one  pointy  which 
is  the  center  of  the  dial. 

For  as  all  the  meridians  pafs  thro’  the  ftile,  they 
will  all  pals  thro’  the  point  where  the  ftile  cuts  the 
dial  plane ;  that  is,  thro’  the  center  of  the  dial. 
And  all  the  interfedtions  with  the  dial  plane,  that 
is,  ail  the  hour  lines,  will  meet  in  that  point,  which 
is  the  center. 


Cor. 
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Cor.  2.  When  the  dial  plane  paffes  thro 5  the  poles , 
hour  lines  will  be  parallel  to  one  another . 

For  then  the  center,  or  the  point  where  all  the 
hour  lines  concur,  is  at  an  infinite  diftance. 

PROP.  VII. 

In  any  dial  with  a  center ,  if  the  hour  lines  be  pro - 
duced  thro *  the  center ,  to  appear  on  the  other 

fide  of  the  plane ;  and  if  the  file  be  alfo  produced  thro% 
the  plane  *  you  will  then  have  a  dial  for  the  back  fide 
of  the  plane  \  where  the  fame  hours  belong  to  the  fame 
lines  produced . 

» 

For  fince  the  meridians  or  hour  circles  interfeft 
the  dial  plane  in  right  lines,  and  the  ftile  is  in  the 
plane  of  every  hour  circle ;  its  fliadow  will  al¬ 
ways  be  in  that  interfe&ion.  Therefore  in  what¬ 
ever  part  of  the  hour  circle  the  fun  is,  its  fhadow 
will  always  be  in  the  interfeclion  of  it  with  the 
dial  plane,  and  therefore  in  the  fame  right  line. 
But  it  will  likewife  be  the  fame  hour  of  the  day, 
when  the  fun  is  in  the  fame  hour  circle,  whether 
it  fhines  upon  one  fide  of  the  plane  or  the  other. 
Whence  the  fame  right  line  continued  thro’  the 
center  will  always  denote  the  fame  hour.  And 
if  the  fun  was  in  different  or  in  oppofite  points 
of  the  fame  hour  circle  ;  any  line  will  ftill  denote 
the  fame  hour,  tho’  fometimes  it  may  be  the  morn¬ 
ing  hour,  and  fometimes  the  afternoon  hour. 

PROP.  VIII. 

In  all  upright  dials ,  the  hour  line  of  12  is  perpen¬ 
dicular  to  the  horizon. 


For 
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For  the  interfe&ion  of  the  meridian  of  the  place  Fig. 
with  the  dial  plane,  (by  Prop.  VI. )  is  the  hour  line 
of  12  o’clock.  But  the  meridian  of  the  place  is 
perpendicular  to  the  horizon  ;  and  the  dial  plane 
is  alfo  perpendicular  to  the  horizon,  therefore 
(Geom.  V.  15.)  their  interfedlion  is  perpendicular 
to  the  horizon ;  that  is,  the  12  o’clock  line  is  per¬ 
pendicular  to  the  horizon. 

PROP.  IX. 

In  a  dir  eft  eaji  or  weft  reclining  dial  \  the  hour  line 
of  n  is  parallel  to  the  horizon . 

For  the  meridian  of  the  place  is  perpendicular 
to  the  prime  vertical ;  and  the  dial  plane  is  per¬ 
pendicular  to  the  prime  vertical ;  and  therefore 
the  common  interfedtion  of  the  meridian  and  dial 
plane  is  perpendicular  to  the  prime  vertical.  But 
the  interfedtion  of  the  meridian  and  dial  plane 
(by  Prop.  VI.)  is  the  hour  line  of  12.  Therefore 
the  hour  line  of  12  is  perpendicular  to  the  prime 
vertical ;  and  therefore  is  parallel  to  the  horizon. 

PROP.  X. 

A  dial  removed  from  its  true  place  to  any  other ,  and 
placed  in  a  fituation  quite  parallel  and  the  fun  Jhine- 
ing  on  it ;  will  always  Jhew  what  a  clock  it  is ,  at 
the  place  it  came  from. 

For  (by  Prop.  III.)  the  fhadow  of  the  ftile  of  this 
dial,  will  fall  upon  the  fame  hour  line,  at  the  fame 
moment  of  time,  wherever  the  dial  is  placed,  in 
fuch  a  parallel  fituation.  Therefore  at  every  parti¬ 
cular  hour  of  the  day,  at  the  original  place,  the 
fhadow  will  fail  on  the  fame  hour  of  the  dial  at 
the  other  place,  juft  the  fame  as  if  the  dial  had 

remained 
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Fig.  remained  at  the  firft  place.  And  therefore  it  al¬ 
ways  ihews  the  hour  of  the  day  at  the  firft  place. 

Cor.  i.  If  any  dial  whatever  he  removed  from  its 
original  place ,  to  another  place  under  the  fame  meri¬ 
dian,  and  placed  in  a  quite  parallel  fituation ,  it  will 
(hew  the  hour  of  the  day  truly  at  this  l aft  place  •,  that 
is,  it  will  go  truly  there. 

For  all  places  under  the  fame  meridian  have  each 
hour  of  the  day,  at  the  fame  moment  of  time. 
That  is,  it  is  12  o’clock  at  one  place,  when  it  is 
1 2  o’clock  at  the  other ;  and  one  o’clock  at  the  firft 
place,  when  it  is  one  at  the  other,  &c. 

Cor.  2.  But  in  other  places ,  not  under  the  fame 
meridian ,  it  will  not  fhew  the  true  time  for  this  laft 
place ,  in  this  fituation ,  hut  will  go  f after  or  flower , 
proportional  to  the  difference  of  longitude  from  the  ori¬ 
ginal  place ,  according  as  it  is  removed  eaftward  or 
weft  ward. 

PROP.  XI. 

If  a  reclining  plane  he  fet  fo  far  hack ,  {in  a  great 
circle  perpendicular  to  that  plane,)  juft  as  many  degrees 
as  it  reclines ,  and  parallel  to  its  firft  pojition  it  will 
then  he  an  eredl  planet 

4-  Let  AB  be  the  reclining  plane,  GB  a  great  cir¬ 
cle  of  the  fphere  perpendicular  to  it,  C  the  center  j 
remove  the  plane  to  G,  and  draw  CRD,  and  CG; 
then  DB,  being  a  vertical  plane,  the  angle  ABD 
will  be  the  reclination  of  the  plane  AB.  And  AB 
being  removed  thro’  the  arch  BG,  into  a  parallel 
fituation  at  G  •,  fo  that  the  angle  ABD  may  be 
equal  to  GB,  or  the  angle  GCB  ;  then  the  line  GC 
will  be  parallel  to  AB ;  and  GC  being  a  radius  of 
the  fphere,  it  is  perpendicular  to  the  furface  at  G  ; 
but  FG  being  alfo  parallel  to  AB3  FGC  is  one  right 
line,  and  FG  a  vertical  plane. 


Cor. 
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Cor.  i .  If  a  vertical  plane  FG  be  moved  in  a  pa*Vig, 
rallel  direction  thro*  any  arch  of  the  great  circle  GIF  4. 
perpendicular  to  it  *3  its  reclination  ABD  will  be  equal 
to  that  arch  GB. 

Cor.  2.  Likewife  in  a  proclining  plane  AB,  if  it 
be  fet  fo  far  forward ,  that  the  arch  GB  may  be  equal 
to  the  degrees  of  pro clination^  and  be  placed  parallel 
to  itfelf',  it  will  then  be  a  vertical  plane  FG. 

Cor.  3.  If  a  reclining  plane  AB,  continuing  pa¬ 
rallel  to  itfelf \  be  carry3 d  thro 5  the  arch  of  a  great 
circle  perpendicular  thereto  BH,  equal  to  the  plane3 s 
inclination  to  the  horizon ,  ABG  ,  it  will  then  be  a 
horizontal  plane  at  FI. 

For  fince  angle  ABD  zz  GCB,  and  ABG  zz  ECU, 
GCH  zz  DBG  zz  a  right  angle,  and  AB  or  FG 
parallel  to  the  horizon  at  H. 

PROP.  XII. 

If  any  vertical  plane  ABID,  whcfe  horizontal  line 
is  BI,  be  removed ,  to  any  place  b  in  the  plane  of  its 
great  circle ,  in  a  quite  parallel  pofition.  Its  horizon¬ 
tal  line  bi ,  will  be  elevated  above  the  horizon  of  the 
place  A  the  quantity  of  the  arch  BA  Or  angle  hbi 
zz  arch  BA 

From  the  center  C  of  the  great  circle  BA  draw 
BC,  CA  and  draw  bf  parallel  to  BC,  and  the  ho¬ 
rizontal  line  bh,  of  the  place  A  Then  fince  the 
angles  CBI,  fbi ,  Qbh  are  right  angles  •,  we  have 
angle  C If  zz  hbi.  But  from  the  parallels  BC,  bf 
angle  (2 if  zz  BCG,  therefore  hbi  zz  BC b  zz  arch  BA 

Cor.  Hence  if  the  plane  BD  be  removed  thro 3  an 
arch  of  90  degrees ,  the  horizontal  line  BI  will  become 
a  vertical  line . 
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Fig. 

PROP.  XIII. 

If  an  eredi  declining  dial  plane  he  removed  along  the 
plane  of  its  great  circle ,  till  its  difference  of  longitude 
be  equal  to  the  plane's  difference  of  longitude  *  it  will 
become  a  full  fouth  or  north  eredl  plane . 

6,  Let  NESW  be  the  horizon,  Z  the  zenith,  HZD 
the  great  circle  wherein  the  dialling  plane  is  placed, 
being  at  Z  *  NS  the  meridian,  P  the  pole.  Draw 
the  meridian  PB,  perpendicular  to  the  great  circle 
HD  •,  and  B  is  the  place  where  the  dial  plane  is  a 
full  fouth  or  north  plane,  becaufe  the  meridian  of 
the  place  B  is  perpendicular  to  it.  And  (by  Def.  19.) 
PB  will  be  the  meridian  of  the  plane.  Therefore 
(Def.  2  i)  the  plane’s  difference  of  longitude  is  the 
angle  ZPB,  equal  to  that  thro’  which  the  plane 
was  moved. 

Cor,  1.  The  plane's  difference  of  longitude  is  the  dif¬ 
ference  between  the  longitude  of  the  given  place ,  and 
the  longitude  of  the  place  where  the  dial  plane  is  a  di¬ 
rect  fouth  or  north  plane . 

Cor.  2.  And  to  find  the  new  latitude  ofB.  In  the 
fpherical  triangle  PZB  ;  rad:  cofi  latitude  (S.ZP)  :  : 
cof  declination  (S.Z)  :  cofi  new  latitude  (S.PB.) 

PROP.  XIV. 

A  reclining  eaft  or  weft  dial  plane  will  be  an  up¬ 
right  plane ,  under  the  fame  meridian ,  when  placed  90 
degrees  from  thence  in  a  parallel  fituation . 

'  ' 

f  For  let  Z  be  the  zenith  as  before,  WE  the  prime 
vertical,  NAS  the  great  circle  parallel  to  the  dial 
plane.  Then  the  circle  NAS  cuts  the  meridian  NS 
in  the  points  N  and  S.  And  (by  Prop.  XI.),  if 

the 
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the  plane  be  moved  from  Z  to  A  in  a  parallel  fi-Fig* 
tuation,  it  will  be  erect  at  A.  And  (by  Prop.  XII.)  6, 
it  will  be  eredt  in  any  place  of  its  great  circle  NAS. 

And  therefore  at  N  and  S,  it  will  both  be  eredb, 
and  in  the  meridian,  where  ZN  and  ZS  are  90  de¬ 
grees. 


Cor.  Phe  new  latitude  N  or  S,  where  an  eaft  or 
weft  recliner  is  erect,  will  be  the  complement  of  the 
old  latitude  at  Z.  And  the  new  declination  is  the 
complement  of  the  reclination. 

ForNP  £=  complement  of  ZP,  and  ZP  rz  comp* 
NP  zi  neW  lat.  Alfo  the  angle  WNA  or  the  decli¬ 
nation  —  comp.  ANZ  or  of  AZ  the  declination. 


PROP.  XV.  Prob. 

If  he  declination  and  reclination  of  a  dial  plane  being 
given .  Po  find  the  new  latitude  and  declination ,  where 
itfhall  be  an  upright  plane ,  upon  the  fame  meridian . 

Let  NASW  reprefent  the  fphere,  NESW  the  7. 
horizon,  P  the  pole,  Z  the  zenith,  NS  the  meri¬ 
dian,  WQE  the  equinodtial,  WZE  the  prime  ver¬ 
tical,  Pi,  P2,  P3,  &c>  hour  circles,  HMA  a 
great  circle  parallel  to  the  dial  plane.  Draw  the 
vertical  ZB  perp.  to  HMA,  Then  M  will  be  the 
new  place,  upon  the  meridian  NS,  where  the  plane 
is  upright,  and  PM  the  complement  of  its  lati¬ 
tude.  Therefore  in  the  right  angled  fpherical 
triangle  ZBM,  there  is  given  the  angle  BZM  the 
declination,  and  the  fide  ZB  the  reclination  •,  to 
find  the  angle  BMZ  the  complement  of  the  decli¬ 
nation  at  M  ;  and  the  hypothenufe  ZM,  which 
fubtra&ed  from  PZ  the  comp,  of  the  latitude, 
when  the  plane  runs  between  the  zenith  and  pole, 
fotherwife  PZ  fubtradled  from  it,  when  the  plane 
is  below  the  pole),  leaves  PM,  the  complement 
of  the  new  latitude. 

'  C  2 
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Cor.  i.  As  cofine  of  the  old  declination 

Radius : 

So  tangent,  reclination : 

Tangent  of  an  arch .  And  the  difference  between 
this  arch  and  the  complement  of  the  latitude ,  is  the 
complement  of  the  new  latitude. 

For  (by  Cafe  9.  right  angled  fpherical  triangles) 
cof.  BZM  :  rad  :  :  tan.  BZ  :  tan.  ZM. 

Cor.  2.  Radius  : 

Sine  of  the  declination  :  : 

Cofine  —  reclination  : 

Sine  —  new  declination . 

For  (by  Cafe  8.)  rad  :  S.BZM  :  :  cof.  BZ  :  cof, 
BM7 

PROP.  XVI.  Prob. 

The  declination  and  reclination  of  a  plane  being  gi¬ 
ven  ;  to  find  the  new  latitude ,  and  longitude ,  where  it 
Jhall  be  a  dir  eft  north  or  fouth  upright  plane . 

Let  NS  be  the  meridian  as  before,  Z  the  zenith, 
P  the  pole,  and  HMA  the  great  circle,  to  which 
the  dial  plane  is  parallel.  Draw  the  meridian  PFi, 
perpendicular  to  the  given  circle  FIMA,  then  F  is 
the  place  where  the  plane  becomes  a  dire£t  north 
or  fouth  vertical  plane.  And  drawing  ZB  perp.  to 
FIMA.  In  the  triangle  BMZ  there  is  given  the 
reclination  BZ,  and  declination  m  angle  BZM,  to 
find  ZM  and  angle  BMZ,  as  in  the  laft  Prop. 
Then  in  the  triangle  PMF  right  angled  at  F  ;  there 
is  given  PM  and  angle  PMF  ;  to  find  the  comple¬ 
ment  of  new  lat.  PF,  and  difference  of  longitude 
MPF. 

Cor.  1.  Ret  B  z=  PM  {the  difference  between  MZ 
and  the  comp,  of  the  latitude.  Pheri) 

Radius  : 

Sine  of  B  :  : 


Cofine 
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Cofine  — •  declination  at  M  :  Fig. 

Cofine  —  new  latitude .  7. 

For  (by  Cafe  2.)  rad  ;  S.PM  : :  S.PMF  :  S.PF. 

Cor.  2.  Radius  : 

Cofine  of  B  :  : 

*T an.  PMF  : 

Co  tan.  MPF  the  diff.  longitude ,  ('by  Cafe  3.) 

Or  thus y 

Radius : 

Cotan .  B  :  : 

Cotan .  latitude  : 

Cofine  —  diff \  longitude. 

For  (by  Cafe  4.)  Rad  :  Cotan.  PM  : :  Tan.  PF  : 
Cof.  MPF. 

PROP.  XVII. 

Any  dial  whatever ,  whether  direct,  declining ,  or  in¬ 
clining,  &c.  made  for  any  latitude  \  will  Jhew  the 
time  truly ,  in  all  places  of  the  fame  latitude  j  provi¬ 
ded  it  he  placed  in  a  like  fituation,  in  regard  to  the 
meridian  of  the  place ;  that  is,  provided  it  have  the 
fame  declination,  reclination ,  and  horizontal  pofition . 

For  if  the  dial  be  placed  alike  in  different  places 
under  the  fame  parallel,  the  fhadow  of  the  gno¬ 
mon,  at  the  fame  hour  of  the  day,  cannot  but  fall 
upon  the  fame  hour  lines.  For  imagine  two  dials 
to  be  made  for  two  fuch  different  places  *,  there 
being  exactly  the  fame  data  for  both  ;  the  fame 
hour  lines  and  every  thing  elfe  will  be  the  fame  in 
both.  And  that  they  may  both  go  true  in  their 
refpe£tive  places,  for  the  apparent  time,  there  is 
,  nothing  more  required,  than  to  give  them  both 
the  fame  fituation. 

Cor.  1 .  Any  fort  of  dial  made  for  one  place,  will 
go  true  in  any  other  place,  tko 9  in  a  different  latitude, 
and  longitude provided  it  he  fet  in  a  proper  fituation 

C  3  For 
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ig.  For  by  this  Prop,  if  it  be  removed  to  any  place 
in  the  fame  parallel,  or  of  a  different  longitude  ; 
and  placed  alike,  in  regard  to  the  meridian,  ho¬ 
rizon  3  &c.  it  will  go  truly  there,  for  that  place. 
And  by  Cor.  i.  Prop.  X.  if  the  fame  dial  be  remo¬ 
ved  from  this  fecond  place  to  a  third  place,  under 
the'  fame  meridian  •,  and  fet  there  in  a  quite  parallel 
pofition,  to  that  it  had  in  the  fecond  place  j  it  will 
go  truly  at  this  third  place.  Therefore  it  would 
go  alike  at  all  the  three  places. 

Cor,  2.  Any  dial  made  for  any  place  of  the  world, 
will  go  truly  at  any  other  place  of  the  world ,  being 
placed  in  a  proper  pofition . 

PROP,  XVIII.  Prob. 

r 

f o  find  the  requijites  for  a  horizontal  dial . 

✓ 

Here  is  nothing  required,  but  the  latitude  of 
r  the  place  from  which  the  angles  of  the  feveral 
hour  lines  with  the  1 2  o’clock  line  rnuft  be  found. 

Let  NESW  be  the  horizon,  NS  the  meridian, 
P  the  pole,  Z  the  zenith  ;  Pc,  P d,  Pg,  &c.  the 
feveral  hour  circles  upon  the  fphere.  Then  we  are 
to  find  the  arches  Nr,  N d,  N^,  &c.  or  the  an¬ 
gles  at  the  center  Z  of  the  circle  NESW.  There¬ 
fore  in  the  right  angled  fpherical  triangle  PNr, 
there  is  given  PN  the  latitude  of  the  place,  and 
angle  NPt,  which  is  1 5  deg.  for  an  hour,  30  deg. 
for  2  hours,  45  deg.  for  3  hours,  &c.  to  find  the 
oppofite  fide  Nr,  or  N<f,  or  Njj,  &c.  which  are  the 
hour  angles,. 

Cor.  1.  Radius  : 

Sine  of  the  latitude  :  ; 

'fan.  hour  arch  : 

f  an.  hour  angle. 

For  (by  Cafe  7.  right  angled  fpherical  triangles,) 
Rad  ;  S,PN  : ;  tan.  NPc,  or  the  correfpondent  arch 

of 
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of  the  equinoftial :  tan.  Nr,  which  is  the  meafure  of  Fig. 
the  hour  angle  :  :  and  fo  tan.  NP^  :  tan.  Nd,  &c.  7. 

Cor.  2.  A  horizontal  dial  made  for  fouth  latitude , 
will  ferve  equally  for  the  fame  degree  of  north  latitude ; 
turning  the  fouth  end  to  .  the  norths  and  reckoning  the 
hours  the  contrary  way  from  the  meridian . 

PROP.  XIX.  Proh. 

T  0  find  the  requijites  for  an  ere  ft  dir  eft  fouth  or  north 
dial . 

Here  the  height  of  the  pole  above  the  plane  mu  ft  7* 
be  had,  and  this  is  equal  to  the  complement  of  the 
latitude.  Therefore  let  NESW  be  the  horizon,  Z 
the  zenith,  P  the  pole  j  WZE  the  plane  of  the 
dial.  Then  the  pole  is  elevated  above  the  plane 
of  the  dial,  the  arch  PZ,  which  is  the  complement 
of  NP,  or  the  complement  of  the  latitude.  Then 
if  the  hour  circles  Pi,  P2,  P3,  &c.  be  drawn,  cut¬ 
ting  the  right  circle  WZE  in  y,  r,  s,  &c.  Then  to 
find  the  arches  Z^,  Zr,  Z s,  &c.  Jn  the  right  an¬ 
gled  fpherical  triangle  PZ^,  there  is  given  PZ  the 
complement  of  the  latitude,  and  the  angle  ZPy  ; 
to  find  the  arch  Zq,  or  the  angle  at  the  center. 
And  the  like  for  the  arches  Zr,  Zs>  &c,  in  the  tri¬ 
angles  ZPr,  ZFs,  &c. 

Cor.  1.  Radius  : 

Cofineftatitude  :  : 

Tangent -hour  arch  : 

Tang .  hour  angle . 

For  (by  Cafe  7.)  rad  :  S.PZ  :  :  tan.  ZPy  :  tan. 

Zq  :  :  tan.  ZPr :  tan.  Zr,  &c. 

Cor.  2.  In  a  dir  eft  fouth  or  north  inclining  dial,  the 
fame  analogy  muft  be  ufed ,  only  taking  for  the  fecond 
term ,  the  fine  of  the  pole's  height  above  the  dial  plane ; 
to  be  found  by  Prop.  XL 

C  4  Cor. 
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Fig.  Cor.  3.  A  dire  A  fouth  dial ,  is  a  horizontal  dial  on 
7.  the  fouth  fide  of  the  globe  ;  <3  north  dial ,  on  the 

north  fide . 

PROP.  XX.  Prcb. 

T 0  find  the  requfites ,  /<?r  eredi  declining  dials . 

FI  ere  the  latitude  of  the  place,  and  the  declina¬ 
tion  of  the  plane  rrmfl  be  given  j  and  what  is  fur¬ 
ther  wanted  muft  be  found  from  thefe.  And  that 
is,  i.  the  height  of  the  pole  above  your  dial  plane. 
2.  The  dillance  of  the  fubfiile  from  12  o’clock. 
And  3  the  plane’s  difference  of  longitude. 

Let  NESW  be  the  horizon,  C  its  center,  NS 
the  meridian,  P  the  pole,  and  Z  the  zenith  ;  HA 
the  declining  vertical  plane ;  Pi,  P2,  P3,  &c  me¬ 
ridians  or  hour  circles,  cutting  the  circle  FI  A  in  t> 
<u,  &c.  Let  the  meridian  Pv^  be  perpendicular  to 
HA,  then  the  plane  of  the  meridian  Pvi  will  be 
perpendicular  to  the  plane  of  the  dial ;  and  there¬ 
fore  the  angle  ZPv  is  the  plane’s  difference  of  lon¬ 
gitude  by  Def.  21),  and  the  arch  Pv  is  the  height 
of  the  pole  above  the  plane.  And  the  arch  Xv  is 
the  fu bifile  diflance  from  the  meridian.  Therefore 
in  the  right  angled  fpherical  triangle  PZt>,  all  the 
3  requifites  will  be  found.  For  we  have  PZ  the 
complement  of  the  latitude,  and  the  angle  PZA 
the  complement  of  the  declination  AZE  ;  from 
whence  will  be  found  Ps/,  Z%;,  and  the  angle  ZPv* 

Cor.  1.  As  radius  : 

Sine  declination  :  : 

Coian  latitude  : 

Tan.  Jubftile’s  diftance  from  1 2  o’ clocks  and  lies 
the  contrary  way  as  the  declination. 

For  (by  Cafe  1.  of  right  angled  fpherical  trian¬ 
gles),  rad  :  cof,  PZv  :  :  tan.  PZ  :  tan.  Xv. 


Cor. 
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Cor.  2 .  Radius : 

Cofine  declination  :  : 

Cofene-latitude  : 

Sine  file's  height. 

For  (by  Cafe  2),  rad  :  S.PZ  :  :  S.PZ'i; :  S.P<i?. 
Cor.  3.  S .  latitude  :  l  )  /y3- 


1 


Radius 
F an.  declination : 


9c 


fCX  ri 


\ Tan .  plane's  diff.  longitude. 

For  (by  Cafe  3),  rad  :  cof.  PZ  :  :  tan.  E t&v :  cbtj 
Z?v : :  tan.  ZPt;  :  cotan.  FZv* 


Cor.  4.  For  the  hour  angles ,  it  will  hey 

As  radius  : 

Sin.  pole's  height :  : 

F an.  hour  arch  from  the  meridian  of  the  plane : 

Fan.  hour  angle  from  the  fubftile. 

For  let  P/i  be  any  hour  circle;  in  the  triangle 
P tv,  there  is  given  the  pole’s  height  Fvy  and  the 
hour  arch,  equal  to  the  angle  tPv ;  to  find  tv,  ( by 
Cafe  7),  rad  :  S.P-z;  :  :  tan.  tPv  :  tan.  tv  —  angle  ac 
the  center,  or  the  hour  angle. 

That  all  the  requifites  are  rightly  found  from 
thefe  proportions,  will  appear  thus.  The  planes 
of  the  two  meridians  PZ,  Pv,  interfedb  one  another 
on  the  fphere,  in  an  angle  ZPr>,  equal  to  the 
plane’s  difference  of  longitude.  And  the  fame  me¬ 
ridians,  interfed:  the  plane  of  the  dial  in  an  angle 
equal  to  Z V,  as  it  fhould  be.  For  they  interfed: 
one  another  in  the  center  of  the  fphere,  which  is 
the  center  of  the  dial.  And  they  interfed:  the 
dial  plane  HA  in  Z  and  v.  and  rLv  meafures  that 
angle  at  the  center.  And  for  the  fame  reafon,  tv 
meafures  the  hour  angle  from  the  fubftile. 

Again  Pv  meafures  the  angle  of  the  ftile  above 
the  fubftile.  For  Pv  is  perpendicular  to  HA,  and 
the  arch  Fv  meafures  the  angle  formed  at  the  cen¬ 
ter  of  the  fphere,  which  is  the  center  of  the  dial ; 

one 
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Fig.  one  fide  being  the  axis  drawn  from  P,  the  other 
7.  the  fubftile  drawn  from  V. 

Alfo  ZVv  has  been  fhewn  to  be  the  plane’s  dif¬ 
ference  of  longitude. 

Cor.  5.  The  plane's  dif  \  longitude  on  the  fphere ,  is 
converted  into  the  fubftile's  diftance  from  12,  by  the 
interfeblion  of  the  two  meridians  {of  the  place  and  of 
the  plane  J,  with  the  dial  plane. 

For  the  angle  ZHv  exprefies  one,  and  arch  Zv 
the  other.  * 

Cor.  6.  And  every  hour  angle  on  the  fphere ,  is 
converted  into  the  hour  angle  in  the  dial ,  by  the  in - 
terfeblion  of  the  fame  two  hour  circles ,  with  the  plane 
cf  the  dial . 

For  the  angle  tVv  expreffes  the  hour  angle  on 
the  fphere,  and  tp  the  angle  at  the  center. 

Scholium. 

Tho’  the  rules  laid  down  in  thefe  Corollaries  are 
fufficient  for  finding  the  feveral  requifites  ;  yet  by 
having  other  data,  they  may  be  found  by  other 
proportions,  feme  of  which  for  variety,  I  fhall  here 
fet  down. 

In  Cor.  1.  For  finding  the  fubflile’s  diftance. 

Cof  pole's  height  above  the  plane  (P^)  : 

Sine-latitude  { cof  HZ)  :  : 

Radius  : 

Cof  fubftile's  dift.  from  12. 

By  Cafe  6. 

Or  Radius 

Sin.  declination  ( cof.  PZ*i?)  :  : 

T an.  pole's  height  above  the  plane  (Jdv)  : 

Sin.  fub ft  lie's  diftance  ( Zv ). 

By  Cafe  10. 


fa 
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In  Cor  2.  For  finding  the  ftile’s  height. 

Cof  fubftile's  diflance  (Zv)  : 

Sin.  latitude  (cof.  PZ)  ;  : 

Radius  : 

Cof  file's  height  (P^). 

By  Cafe  6 . 

Or  Radius 

Sin.  fub file's  difiance  (Zv)  i 
Co  tan.  declination  (tan.  PZv)  z 
Tan.  file's  height  (Pv), 

By  Cafe  7. 


In  Cor.  3.  For  the  plane’s  diff.  longitude. 
Cof  latitude  (S.PZ)  : 

Radius  :  : 

Sin.  fubftile's  diflance  {Zv) : 

Sin.  plane's  difi.  longitude  (ZPv), 

By  Cafe  5. 

Or  Radius  : 

T an.  latitude  (cotan.  PZ)  :  : 

Tan.  file's  height  (Pv)  : 

Cof  plane's  dip.  longitude  (fZPvf 
By  Cafe  4, 

Or  Radius  : 

Cof  declination  (S.PZz>)  :  : 

Cof  fab  file's  difiance  (Zv)  : 

Cof.  plane's  dif.  longitude  (ZPv), 

By  Cafe  8. 

Or  Cof  file's  height  (Pv)  : 

Sin.  declination  ( cof  PZv)  : : 

Radius  : 

Sin.  plane's  dif.  longitude  (ZPv), 

By  Cafe  1 1. 

Or  Sin.  file's  height  ( Pv)  : 

Radius  :  : 

Tan.  fubflile's  diflance  (Zv)  : 

Tan.  plane's  dif.  longitude  fZPvfi 
By  Cafe  13, 
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PROP.  XXL  Prob. 


To  find  the  requires  for  a  dir  eft  eaft  or  weft  incli¬ 
ning  or  reclining  dial . 

.)  '  »  ' 

The  latitude  of  the  place  and  the  reclination  of 
the  plane  muft  be  given  And  from  thefe  muft  be 
found,  i.  The  height  of  the  pole  above  the  plane. 
2.  The  fubftile’s  diftance  from  12  o’cock.  3.  The 
plane’s  difference  of  longitude. 

Let  HZON  be  the  meridian,  HO  the  horizon, 
ZN  the  prime  vertical,  P  the  pole,  Z  the  zenith. 
HFO  the  inclining  plane.  Let  the  meridian  PFD 
be  perpendicular  to  HFO.  Then  the  plane  of  the 
meridian  PFD  will  be  perpendicular  to  the  plane 
of  the  dial,  and  PF  will  be  the  meridian  of  the 
plane  (Def.  19.),  and  OPF  the  plane’s  difference 
of  longitude  (Def.  21.)  alfo  *PF  (or  angle  PCF) 
will  be  the  height  of  the  pole  above  the  plane. 
And  FO  (or  angle  FCO)  the  diftance  of  the  fub- 
ftile  from  the  meridian.  Therefore  in  the  right  an¬ 
gled  fpherica!  triangle  PFO,  there  is  given  PO 
the  latitude  of  the  place,  and  the  angle  POF  the 
reclination  or  proclinauon  of  the  plane  j  to  find 
FO,  FP,  and  angle  OPF, 

Cor.  1.  Radius  : 

Cofi  reclination  {or  pro  dination)  : : 

Tan.  latitude  :  : 

Tan.  fill  ft  He's  dift.  from  12  o'clock ;  running 
upwards  towards  the  north ,  or  downwards  towards 

the  fouth. 

For  (by  Cafe  1),  rad  :  cof.  POF  :  :  tan.  OP  : 
tan.  OF  1=  angle  OCF,  which  the  meridian  FC 
(or  fubitile)  makes  with  CO  the  12  o’clock  line, 
(or  meridian  of  the  placej,  at  C  the  center  of  the 
dial. 

Cor. 
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Cor.  2.  Radius : 

Sin.  latitude  :  : 

Sin,  reclination  {or  proclination)  : 

Sin.  fillers  height. 

For  (by  Cafe  2.)  rad  :  S.OP  :  :  S.POF  :  S.PF 
n  angle  PCF,  which  the  ftile  PC  makes  with  the 
fubftile  FC,  at  C  the  center  of  the  dial. 


Cor  3.  Radius  : 

Cof  latitude  :  : 

Tan.  reclination  {or  pro clination)  : 

Cotan.  plane's  dif.  longitude. 

For  (by  Cafe  3.)  rad  :  cof.  OP  : :  tan.  POF  :  co¬ 
tan.  OPF  rz  angle  made  by  the  meridian  of  the 
place,  and  that  of  the  plane. 


Cor.  4.  For  the  hour  angles ,  it  will  be. 

As  radius  : 

Sin.  pole's  height  above  the  plane  :  : 

Tan,  hour  arch,  from  the  meridian  of  the  plane  : 

Tan.  hour  angle  from  the  fubftile. 

For,  drawing  any  hour  circle  PID,  in  the  right 
angled  fpherical  triangle  PFI,  there  is  given  PF, 
and  angle  FPI,  to  find  FI  5  by  Cafe  7.  Rad  :  S.PF 
:  :  tan.  FPI :  tan.  FI  ~  angle  FCI,  which  the  cor- 
refpondent  hour  line  on  the  dial  makes  with  the 
fubftile,  at  the  center. 

The  calculation  in  the  triangle  OPF  is  for  an 
eaft  dial ;  but  for  a  weft  dial,  let  A  be  the  pole, 
and  draw  the  meridian  AGB  perpendicular  to  HGO; 
then  there  are  the  fame  data  in  the  triangle  AGH, 
as  in  PFO  •,  whence  the  fame  things  will  be  found 
for  a  weft  dial. 

Scholium, 

Other  rules  for  finding  the  requifites  may  be  de¬ 
duced  from  the  fame  triangle  CPF,  asjxftlows. 


Cor.  1.  For  the  fubftile’s  diftance. 
As  Cof  pole's  height  above  the  plans  (PF)  : 
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Cof.  latitude  (PO)  :  : 

Radius  : 

Co/,  fubft.  did.  from  12  o'clock  (FO). 

By  Cafe  6. 

Or  Radius  : 

Cotan.  reclination  (POF)  :  : 

J an .  ftile's  height ,  or  pole's  height  (PF)  ; 
Sin.  fubdile's  didance  (FO). 

By  Cafe  io. 

Cor.  2.  For  finding  the  ftile’s  height 
As  Cof  fubft  ile' s  diftance  (FO)  : 

Cof  latitude  (PO)  :  : 

Radius  : 

Cof  (tile's  height  (PF). 

By  Cafe  6. 

Or  Radius  : 

Sin.  fubft  He's  diftance  (FO)  :  x 
J an .  reclination  (POF )  : 

Jan.  file's  height  (PF )* 

By  Cafe  7. 

Cor.  3.  For  the  plane’s  diff.  longitude. 
As  Radius  : 

Cotan.  latitude  (PO)  :  : 

Jan.  height  of  the  pole  above  the  plane  (PF)  ; 
Cof  plane' s  dif.  longitude  (FPO). 

By  Cafe  4. 

Or  Cof  Pole's  height  above  the  plane  (PF)  * 

Cof.  reclination  fPQFj  :  : 

Radius  : 

Sin.  plane's  dif.  longitude  (FPO). 

By  Cafe  1 1. 

Or  Sin.  latitude  (OP)  : 

Radius  :  : 

Sin.  fubft  tie's  diftance  (FO)  ; 

Sin .  plane's  diff.  longitude  (FPO). 

By  Cafe  5, 
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PROP.  XXII.  Prob. 

f o  find  the  requijites  for  fouth  declining  reclining 
dials . 

Here  muff  be  given  the  latitude  of  the  place, 
and  the  declination  and  reclination  of  the  plane ; 
and  from  thefe  mud  be  computed,  i.  The  height 
of  the  meridian.  2.  The  height  of  the  pole 
above  the  plane.  3.  The  diftance  of  the  fubftile 
from  the  hour  line  of  12,  And  4.  The  plane’s 
difference  of  longitude. 

Let  WPASH  reprefent  the  fphere,  C  its  center,  7* 
WNES  the  horizon,  NS  the  meridian,  WQE  the 
equinodial,  P  the  pole,  Z  the  zenith,  and  HMA 
the  plane  of  the  dial.  Draw  the  meridian  PFi 
perpendicular  to  the  circle  PIBA  ;  then  the  plane 
of  this  meridian  will  be  perpendicular  to  the  plane 
of  the  dial,  and  therefore  PF  will  be  the  meridian 
of  the  plane,  and  the  angle  MPF  the  plane’s  dif¬ 
ference  of  longitude,  and  PF  the  height  of  the 
pole  above  the  plane,  and  MF  the  fubftile’s  dif¬ 
tance  from  12,  and  MA  the  height  of  the  meri¬ 
dian,  Therefore  all  the  requifites  will  be  found  in 
the  triangles  NAM  and  PMF,  right  angled  at  N 
and  F.  Therefore  in  the  triangle  NAM,  there  is 
given  NA  the  complement  of  the  declination  AE, 
and  angle  NAM  the  complement  of  the  reclina¬ 
tion  MAZ  •,  to  find  AM,  NM,  and  angle  NMA. 
And  the  latitude  NP  being  given,  PM  will  be 
known.  Then  in  the  triangle  MPF,  there  is  gi¬ 
ven  PM,  and  the  angle  PMF,  to  find  MF,  PF, 
and  angle  MPF,  as  required. 

Cor.  1.  Sin.  reclination  : 

Radius  :  : 

Cotan.  declination  : 

fan.  height  of  the  meridian. 

For 
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For  (by  Cafe  9,  right  angled  fpherical  triangles), 
cof.  MAN  :  rad  : :  tan.  NA  :  tan.  AM  zz  angle 
ACM  at  the  center  of  the  fphere,  or  of  the  dial, 
contained  between  the  horizontal  line  CA,  and  the 
meridian  CM  or  12  a  clock, 

.  ,  C'-'  '■  !' 

Cor.  2.  Radius  : 

Cof.  declination  :  : 

Cotan .  reclination  : 

*Tan.  of  an  arch  A. 

I/hen  put  B  zz  difference  between  A  and  the  latitude . 
If  A  is  lefs ,  your  pole  is  elevated  *  if  greater*  the  op- 
pofite  pole . 

Then  Cotangent  of  B  : 

Cof  reclination  :  : 
iSVtz.  declination  : 

¥  an.  fubfiile' s  di /lance  from  12.  .Ai  fubfiile 
runs  upwards  towards  the  north  in  reclining  S.planes* 
and  their  oppofite  incliners . 

For  in  the  triangle  NAM  (by  Cafe  7),  rad  : 
S.NA :  :  tan.  NAM  :  tan.  NM  zz  A  ;  then  NM  — 
NP  zz  PM  zz  B.  Alfo  (by  Cafe  8),  rad  :  S.NAM 

S.NAM  x  cof  NA 


:  cof.  NA  :  cof.  NMA  zz 


rad 


And  in  the  triangle  MFP,  ( by  Cafe  1 )*  cot.  PM :  rad 
: :  rad: tan. PM ::  cof. NMA  I  -s-NAMxcof_RA\ 

\  ran  / 


tv/tl?  S.NAM  X  cof.  N" A  1 

:  tan.  Mb  zz - - - - -  zz  angle  MCh, 

cotan.  MP 

at  the  center,  and  in  the  plane  of  the  dial. 


Cor.  3.  Cof.  fubftile’s  diftance  : 

Cof  B  :  : 

Radius  : 

Cof  file's  height . 

For  (by  Cafe  6),  cof  MF  :  cof  B^IP  (B) : :  rad  : 
cof  PF  zz  angle  PCF  at  the  center  of  the  dial,  CF 
being  in  its  plane,  is  the  fubfiile. 

Cor. 
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Cor.  4.  Sine  of  B  : 

F10- 

Radius  :  : 

7« 

Sin.  fuhftile' s  diftance  : 

Sin.  plane's  diff.  longitude. 

For  (by  Cafe  5),  S.PM  (B)  :  rad  : 

1 

:  S.MF  : 

S.MPF  i=  angle  on  the  fphere,  between  the  meri¬ 
dian  of  the  plane,  and  the  meridian  of  the  place. 

Cor.  5.  For  the  hour  angles  it  will  he 

As  Radius  : 

Sin.  foie's  height  above  the  plane  :  : 

Tan.  hour  arch  from  the  meridian  of  the  plane : 

Tan .  hour  angle  from  the  fuhftile . 

For  drawing  any  hour  circle  P 03,  interfering 
the  circle  HMA  in  0.  Then  there  will  be  given 
the  angle  FP 0,  contained  between  the  meridian  of 
the  plane  PFi,  and  the  meridian  P 03.  Therefore 
in  the  right  angled  triangle  PF0,  there  is  given 
PF  the  height  of  the  pole  above  the  plane,  and 
angle  FP<?,  to  find  F0  by  cafe  7.  Rad  :  S.PF  :  : 
tan.  FP0  :  tan.  F0  zz  angle  FC0,  at  the  center  of 
the  dial,  made  between  the  fubilile  ZF,  and  the 
hour  line  Co  correfponding  to  the  hour  circle  Po. 

Cor.  6.  The  height  of  the  meridian  is  equal  to  the 
angle  ?nade  at  the  center  of  the  dial ,  by  the  12  o'clock 
line ,  and  the  horizontal  line  \  and  pews  how  much 
the  1 2  o'clock  line  is  elevated  above  the  horizon  *,  and 
it  runs  upwards  in  reclining  planes,  and  downwards  in 
proelining  ones ,  towards  the  fame  hand  as  the  declina¬ 
tion  is. 

For  MA  is  the  meafure  of  the  angle  MCA  con¬ 
tained  between  the  12  o’clock  hour  line  MC,  and 
the  horizontal  line  CA  ;  being  in  the  plane  of  the 
dial  ACHM  ;  and  the  angular  point  at  C,  the  cen¬ 
ter  of  the  dial. 

For  the  fathe  reafon  MF,  or  the  angle  MCF, 
fhcws  what  angle  the  12  o’clock  line  MC  makes 
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Fig.  with  the  fubftile  CF,  at  the  center  C  ;  the  triangle. 

7.  MCF  being  in  the  plane  of  the  dial.  And  like- 
wife  F o  or  angle  FCe  Ihews  the  angle  contained 
between  the  fubftile  FC  and  the  hour  line  Fo  ;  the 
triangle  FCs  being  alfo  in  the  plain  of  the  dial ; 
and  fo  of  others. 

Here  the  plane  of  the  dial  ABH  falls  between 
the  zenith  and  the  pole,  but  if  it  pafs  between  the 
pole  and  the  horizon,  the  calculation  will  be  the 
fame  ;  and  then  the  pole  P  will  be  elevated  on  the 
other  fide  of  the  plane.  But  if  the  dial  plane 
pafs  thro’  the  pole,  then  B  will  be  o ;  and  MF, 
PF,  are  o.  Hence 

Cor.  y.  If  A  (NM)  is  greater  than  the  latitude 
(NP),  the  pole  is  depreffed  below  the  plane ,  and  the  op - 
pofite  pole  elevated  above  it.  If  A  is  lefs  than  the 
latitude ,  the  pole  is  elevated  above  it .  If  they  be 
equal,  the  pole  falls  in  the  plane  of  the  dial',  and  then 
MF,  PF,  are  nothing. 

For  when  A  zz  latitude,  B  zo. 

* 

Cor.  8.  JVhen  the  reclining  plane  falls  in  the  pole  % 
then  to  find  the  plane's  difference  of  longitude ,  it  will 
be. 

As  radius  : 

Sin .  latitude  :  : 

*T an,  declination  : 

T' an.  plane's  dif.  longitude. 

For  when  M  approaches  near  to  P,  the  triangle 
MPF  will  be  a  plane  triangle,  and  the  angle  MPF 
(the  plane’s  dif.  longitnde)  will  be  the  complement 
of  PMF  or  NMA,  that  is,  when  M  falls  upon  P, 
the  plane’s  dif.  longitude  will  be  the  complement 
of  NPA.  Therefore  in  the  triangle  NPA,  there 
are  given  NP  the  latitude,  and  NA  the  comp,  de¬ 
clination,  to  find  the  angle  NPA  (by  Cafe  13), 
S.NP  :  rad  :  :  tan.  NA  :  tan,  NPA  :  :  cotan.  NPA  : 
cotan.  NA. 
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Otherwife  thus . 
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Radius  : 

*$’.  declination  :  : 


7 


Cof.  reclination  : 


iS.  plane's  dif  longitude . 


For  (by  Cafe  8),  rad  :  S.NAP  :  :  cof.  NA  :  cof. 
NPA.  And  other  proportions  may  eafily  be  found 
to  do  the  fame  thing,  as  this  which  follows. 

Cof.  latitude  (NP)  : 

S.  reclination  ( cof  NAP)  :  « 

Radius  : 

Cof.  dif.  longitude  (S.NPA). 

Cor.  9.  The  fame  rules  ferve  equally  for  an  inclining 
plane ,  ujing  the  proclination  inftead  of  the  reclination  ; 
but  here  A  will  always  be  greater  than  90  degrees  % 
and  the  oppofite  pole  always  elevated  above  your  plane . 

For  then  the  point  M  falls  between  Z  and  S. 


Scholium. 


From  the  fame  two  triangles  NAM,  and  PMF, 
other  rules  for  finding  the  requifites  may  be  dedu¬ 
ced  *,  fuch  are  the  following. 

In  Cor.  2.  For  the  fubftile’s  diftance. 

As  Radius  : 

Cof  reclination  (S.NAM)  : 

Sin.  declination  (cof.  NAJ  :  : 

Cof  an  angle  M  (NMA;. 

Then  Radius  : 

Cof.  M  (PMF )  :  : 

Tan.  B  (PM;  : 

Tan.  f ub  ft  He's  diftance  (MF).  ' 

By  Cafe  1. 

Or  Cof  pole's  height  above  the  plane  (PFJ  5 
Cof  B  (PM)  :  : 

Radius  : 

Cof  fubftile's  diftance  (MF;. 

By  Cafe  2. 
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Fig*  Or  Radius  : 

Cotan,  M  (TMF)  :  : 

Tan.  pole’s  height  above  the  plane  (FF)  : 

Sin.  fubftile’s  diftance  (MF ). 

.  By  Cafe  10. 

Or  Cotan.  declination  {tan.  NA)  : 

Tan.  pole’s  height  above  the  plane  (PF)  :  : 

Sine  of  A  fNM)  : 

Sin .  fubftile’s  diftance  (MF). 

This  appears*  from  Cor.  i.  Prop.  27.  Se£t.  III. 
Trigonometry. 

In  Cor.  3.  for  the  angle  of  the  ftile’s  height. 

As  Radius  : 

Sine  of  B  (PM) :  : 

,  Sine  of  M(PMF): 

.  Sin.  ftile’s  height  above  the  plane  (PF). 

By  Cafe  2. 

Or  Coft  fuhftile’s  diftance  (MF)  : 

Radius  :  : 

Cofine  of  B  (PM)  : 

Cof  /file’s  height  (PF). 

By  Cafe  6 . 

Or  Radius  : 

Tangent  of  M  (PMF)  :  : 

Sin.  fubftile’s  diftance  (MF)  : 

Tan.  ftile’s  height  (PF). 

By  Cafe  7. 

Or  Sine  of  A  (NM)  : 

Sin.  fubftile’s  diftance  (MF) :  : 

Cotan.  declination  {tan.  NA)  : 

Tan.  ftile’s  height  (PF). 

By  Con  1.  Prop.  27.  Se£l.  III.  Trigonometry. 

Or  Sin.  height  of  the  meridian  (MA)  : 

Sine  of  B  (PM)  :  : 


Cof. 


I 


Fig. 
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Cof.  declination  (S.NA)  : 

Sin.  file’s  height  (PF).  7 

By  Cor.  i.  Prop.  26.  Sed.  III.  Trigonometry. 

In  Cor.  4.  For  the  plane’s  dif.  longitude. 

As  Radius  :  -  N 

Cofine  of  B  (PM)  :  : 

'Tangent  of  M  (PMF)  : 

Cotan .  plane’s  dif.  longitude  (MPF). 

By  Cafe  3. 

Or  Radius  : 

Cotan.  B  (PM)  :  : 

Tan.  pole’s  height  above  the  plane  (PF)  : 

Cof.  plane’s  dif.  longitude  (MPF). 

By  Cafe  4. 

Or  Cof.  j tile’s  height  (PFJ  : 

Cof  M  (PMF)  :  : 

Radius  : 

Sin.  plane’s  dif.  longitude  (MPF). 

By  Cafe  1 1. 

Or  Cof  pole’s  height  above  the  plane  (PF)  a. 

Sin.  declination  ( cof  NA)  :  : 

Cof  reclination  (S.NAM)  : 

Sin.  plane’s  dif.  longitude  (MPF). 

For  (by  Cafe  8),  rad  :  cof.  NA  :  S.NAM  :  cof. 

NMA  =  c°f-A^x.S-NAM,  and  rad  :  cof.  PF  : : 

.  r 

S.MPF :  cof.  PMF  or  NMA  =  ggjL£F 

r 

therefore  cof.  NA  X  S.NAM  “  cof.  PF  x  S.MPF. 

It  may  be  obferved,  that  initead  of  the  two  tri¬ 
angles  NAM,  and  MBF,  the  two  triangles  BZM 
and  MBF  may  be  made  life  of,  the  triangle  BZM 
being  complemental  to  the  triangle  NAM  ;  from 
which  two  triangles  the  very  fame  conclufions  will 
follow  as  before. 
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PROP.  XXIII.  Prok 

"To  find  the  reaui files  f  or  a  north  declining,  reclining 

d  i  a  it. 

Here  alfo  the  latitude  of  the  place,  and  the  de¬ 
clination  and  reclination  of  the  plane  mult  be  gi¬ 
ven  ;  to  find,  i.  the  height  of  the  meridian,  2. 
The  height  of  the  pole  above  the  plane.  3.  The 
diftance  of  the  fubftile  from  the  hour  line  of  12. 
4.  The  plane’s  difference  of  longitude,  as  before. 

As  in  the  laft  Prob.  Let  WINES  be  the  horizon, 
NS  the  meridian,  P  the  pole,  Z  the  zenith,  and 
HMA  the  plane  of  the  dial,  and  PF  an  hour  cir¬ 
cle  perpendicular  to  it,  which  will  be  the  meridian 
of  the  plane.  Let  ZB  be  alfo  perpendicular  to 
HBA.  Then  all  the  requifites  will  be  found  in 
the  right  angled  triangles  ZBM  and  PFM.  There¬ 
fore, 

In  the  triangle  BMZ,  there  is  given  the  angle 
MZB  the  declination  equal  to  EZA,  and  ZB  the 
reclination  of  the  plane  *,  to  find  BM,  ZM,  and 
angle  ZMB  and  having  ZP  the  complement  of 
the  latitude,  PM  will  be  —  PZ  -f  ZM.  Then  in 
the  triangle  MPF,  there  is  given  PM  and  angle 
PMF  •,  to  find  the  fubftile’s  diftance  MF,  the 
ftile’s  height  PF,  and  plane’s  dif.  longitude  MPF 
or  MP/. 

Cor.  1.  Sin.  reclination  : 

Radius  :  : 

Cotan.  declination  : 

Tan.  height  of  the  meridian ,  running  up* 
wards ,  towards  the  fame  hand  as  the  declination .  But 
to  the  contrary  hand ,  in  procliners . 

For  (by  Cafe  7),  rad  :  S.ZB  :  ;  tan.  MZB  :  tan. 
BM  :  :  cot.  BM  :  cot.  MZB.  And  here  HM  being 

the 
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the  height  of  the  meridian,  lies  now  towards  theFi 
weft  •,  which  was  towards  the  eaft,  when  the  recli-  g. 
nation  of  the  plane  was  northward. 

Cor.  2.  Radius  : 

Cof.  declination  :  : 

Cotan,  reclination  : 

Cotan,  of  an  arch  A. 

'Then  put  B  z  A  +  complement  of  the  latitude . 
And  the  north  pole  is  always  elevated  in  recliners. 

Then  Cotan  B  >: 

Cof  reclination  :  : 

Sin,  declination  :  * 

Tan.  fubj tile's  diftance  from  1 2  ;  which  will 
be  greater  than  90°,  when  B  (FM)  is  greater  than 
90°. 

For  in  the  triangle  ZMB  (by  Cafe  9),  cof.  BZM 
:  rad  : :  tan.  ZB  :  tan.  ZM  (A) : :  cot.  ZM  :  cot.  ZB. 
And  in  the  triangle  NAM  (by  Cafe  8),  rad  : 
S.NAM  :  :  cof.  NA  :  cof.  NMA  or  FM/  zz 

cq^‘  Nft.  And  in  the  triangle  PM /  (by 
rad 

Cafe  i),  rad  :  cof.  PMF  :  :  tan.  B  :  tan.  FM.  Or 

cotan.  B  :  rad  :  :  cof.  PMF  fS.NAMxcofNAt  . 

'  rad  / 

tan.  FM  or  /M  zz  tan.  fubftile’s  diftance. 

Cor.  3.  Cof  fubftile's  diftance  : 

Cof.  arch  B  :  : 

Radius  : 

Cof.  ft  He's  height.  And  if  B  is  greater 
than  90°,  the  file's  height  is  greater  than  90° ;  or  it 
will  appear  elevated  towards  the  north  part  of  the 
plane. 

For  in  the  triangle  MP/  (by  Cafe  6),  cof.  MF  • 
cof  MP  (B)  : :  rad  :  cof.  FP  or/P. 
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Fig.  Cor.  4.  Sine  of  B  : 

9.  Radius  :  : 

Sin.  fubftile's  diftance  : 

Sin.  plane's  dif.  longitude. 

For  in  the  triangle  MP/(by  Cafe  5),  S.PM  (B)  : 
radius  :  :  S.MF  :  S.MPF  or  MP/  the  dif.  longitude, 
or  the  angle  on  the  globe  between  the  meridian  of 
the  place  and  that  of  the  plane. 

Cor.  5.  Radius  : 

Sin.  pole's  height  above  the  plane  :  : 

P an.  hour  arch  from  merid .  of  the  plane  : 

ST  an.  hour  angle  from  the  fubj. tile. 

This  is  demonftrated  as  in  Cor.  5.  Prop.  XXII. 

Cor.  6.  When  A  is  equal  to  the  latitude ,  then  B  is 
equal. to  90  degrees  •,  and  the  fubftile's  diftance ,  and  alfo 
the  plane's  difference  of  longitude ,  are  each  90  degrees. 

For  fby  Cor.  2),  cotan.  B(o)  :  cof  reclination  :  : 
fin.  declination  :  infinity  =  tan,  fubft.  diftance 
zz  90°.  And  (Cor.  4.)  S.B  (rad  *.  radius  : :  S. fubft. 
diftance  (90)  :  S. plane’s  dif.  longitude  zz  radius, 
the  fine  of  90. 

Cor.  7.  clhe  requifites  may  alfo  he  found  by  the  ana¬ 
logies  laid  down  in  the  Schol.  of  the  laft  Prop,  fir  ft  find¬ 
ing  A  and  B  by  this  Prop. 

Cor.  8.  When  A  zz  the  latitude ,  then  the  file's 
height  will  be  equal  to  the  angle  ZMB,  and  therefore 

Radius  : 

Sin.  decimation  :  : 

Cof  reclination  : 

Cof.  file's  height. 

For  when  ZM  zz  latitude,  M  falls  upon  Q, 
the  interfedtion  of  the  equinoctial  and  meridian, 
and  then  PM —  90°  zz  oppofite  angle  PFM.  There¬ 
fore  the  fide  PF  (or  ftile’s  height)  zz  its  oppofite 
angle  PMF.  Therefore  in  the  triangle  ZMB,  to 

find 
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find  the  angle  M  (by  Cafe  8),  rad  :  S.MZB  : :  cof.Fig. 
ZB  :  cof.  angle  M  ~  PF.  91 

Or  thus . 

Sin.  latitude  : 

Radius  :  : 

Sin.  reclinaticn  : 

Sin.  file's  height . 

For  (by  Cafe  5),  S.ZM :  rad  :  :  S.ZB  :  S.ZMB 
zz  S.ftile’s  height  PF. 

Or  thus. 

Radius  : 

Cof.  latitude  :  :  _ 

5f< an.  declination  : 

Cotan .  file's  height. 

For  (by  Cafe  2  ),  rad  :  cof.  ZM  :  :  tan.  MZB  : 
cot.  ZMB  or  PMF  z:  PF. 

Cor.  9.  In  all  thefe  dials ,  the  fubfile  lies  to  the 
contrary  fide  in  regard  to  the  declination.  Or  the 
fubfile  lies  always  northward  ( in  north  latitude )  from 
the  upper  part  of  the  1 2  o'clock  line. 

For  the  ftile  is  a  line  fixt  in  pofition,  and  there¬ 
fore  a  moveable  plane  being  made  to  decline,  to 
either  hand,  the  fubftile  (which  is  perpendicular 
under  the  ftile'  muft  needs  lie  to  the  other  hand. 
And  fo  the  fubftile  lies  northward  from  the  upper 
part  of  the  meridian,  or  fouthward  from  the  lower 
part. 

Cor.  10.  The  fame  rules  that  ferve  for  finding  the 
requijifes  in  a  reclining  fouth  plane ,  will  ferve  equally 
for  finding  the  requijites  in  its  oppofite  north  in cliner  or 
procliner  *,  and  he  on  the  fame  hand ,  if  you  face  the * 
plane.  But  the  contrary  pole  will  be  elevated. 

For  by  Prop.  VII.  The  fame  hours  belong  to 
both  ftdes  of  the  plane  *,  and  therefore  the  lame 
requifites  ^  ftnee  the  inclination  of  the  plane  to 

the 
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Fig.  the  horizon  continues  the  fame,  and  likewife  the 
9.  declination  ;  only  in  one,  they  lie  eaft,  in  the  other 

weft. 

» 

Cor.  11.  Hence  alfo  the  fame  requifites  and  the 
fame  hours  belong  equally  to  two  dials ,  that  have  equal 
declinations ,  one  eaftward ,  the  other  weftward  \  the 
inclination ,  if  any ,  remaining  the  fame .  But  then 
they  all  lie  towards  contrary  hands. 

For  as  there  are  the  fame  data  in  both,  the  quan¬ 
tity  of  thefe  requifites,  and  of  the  hour  angles,  muft 
needs  remain  the  fame ;  and  differ  only  in  quality, 
or  in  their  pofition  towards  the  right  and  left. 

PROP.  XXIV. 

In  any  dial  whatever ,  if  a  line  be  drawn  'parallel  to 
any  hour  line ,  to  interfehl  the  other  hour  lines ,  and  note 
the  fxth  hour  line  from  this .  Then  any  two  hour 
lines  on  each  fide  this  fxth ,  which  are  equidiftant  in 
hours ,  will  alfo  be  equidiftant  along  this  parallel  line . 

11.  Let  the  plane  CGLH  be  perpendicular  to  the 
earth’s  axis  paffmg  thro’  C,  CA  any  hour  line,  and 
CD  another  at  fix  hours  diftance.  Then  fince  in 
this  cafe,  all  the  hour  angles  about  C,  as  BCD, 
DCF,  are  equal ;  therefore  ACD  being  fix  hours, 
is  a  right  angle. 

Now  fuppofe  GabdfE  is  any  other  plane,  paffmg 
alfo  through  GCH,  cutting  the  planes  of  thefe 
hour  circles,  in  the  lines  C a,  C b,  Cd ,  C/**,  which 
will  be  the  correfpondent  hour  lines  in  that  plane. 
Alfo  let  the  plane  B bfF  be  parallel  to  the  plane  of 
the  hour  circle  CA ay  and  therefore  perpendicular 
to  the  plane  GLH,  cutting  the  former  plane  GabdfE 
in  the  line  i/E,  and  the  planes  of  the  hour  circles, 
in  the  lines  B£,  Di,  F f ;  which  confequently  will 
be  perpendicular  to  the  plane  GLH,  and  therefore 

parallel 
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parallel  to  one  another.  Alfo  bE  is  parallel  to  Ca ,  Fig. 
by  Prop.  ii.  B.  V.  Geometry.  i  u 

Now  fince  CD  is  perpendicular  to  BF,  and  the 
angles  BCD,  DCF,  equal;  therefore  BD  zz  DF. 
Whence  in  the  triangle  B£E,  fince  Bb,  D/  Ff  are 
parallels,  and  BD  zz  DF,  therefore  bd  zz  df  That 
is,  in  any  dial  plane  CabdfE ,  if  the  line  bE  be 
drav/n  parallel  to  Ca,  to  cut  the  hour  line  Cd,  fix 
hours  from  it,  and  feveral  more  Cb,  Cf,  on  each 
fide  ;  then  thofe  that  are  equidiftant  on  each  fide  in 
hours,  are  alfo  equidiftant,  in  the  line  bdE ,  fet  con¬ 
trary  ways  from  Cd. 

Cor.  From  hence  you  have  a  method  of  drawing  all 
the  hour  lines  in  the  dial ,  if  you  have  feven  of  them 
drawn. 

As  fuppofe  you  have  the  hour  lines  C8,  C 9,  ^ 
Cio,  C11,  C12,  Ci,  and  C2,  drawn;  and  you 
want  to  draw  C7,  C6,  C5,  C4.  To  the  hour  line 
C2  draw  the  parallel  kq,  cutting  the  given  hour- 
lines  in  d,  b,  0 ,  p,  q.  Frofn  d  in  the  hour 
line  C8  (which  is  fix  hours  from  C2  ;)  make 
df  zz  db,  dg  zz  do,  dh  zz  dp,  and  dk  ~  dq ;  and 
thro5/,  g,  h,  k,  draw  the  hour  lines  C7,  C6,  C5, 

g.. 

Or  if  you  want  the  hour  lines  on  the  right  hand, 
it  is  but  drawing  a  parallel  to  C d,  or  C8,  and  pro¬ 
ceeding  as  before. 

Alfo  in  any  inclining  or  declining  dial,  when 
half  the  hour  lines  are  drawn,  the  other  half  may 
be  drawn,  by  drawing  a  parallel  to  the  fixth  hour 
line,  to  cut  the  reft ;  and  transferring  the  diftan- 
ces  of  thefe  hour  lines,  to  the  oppofite  fide  of  the 
laft  hour  line ;  which  parallel  ferves  for  a  line  of 
contingence. 

Having  now  fhewn  how  the  requifites  are  found 
in  all  forts  of  dials,  from  the  rules  offpherical  trigo¬ 
nometry,  on  which  they  depend;  I  fhall  now  refolve 

id  me 
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Fig.  fome  problems  relating  to  the  time  of  the  fun’s 
12.  fhining  on  thefe  dial  planes,  which  likewife  depend 
on  fpherical  trigonometry. 

In  the  foregoing  problems,  I  have  all  along  flip- 
pofed  the  dial  was  to  be  drawn  upon  its  parallel 
great  circle,  inftead  of  the  plane  of  the  dial ;  fince 
it  is  the  fame  thing,  by  Cor.  3.  Prop.  L  For  by 
reafon  of  the  immenfe  diftance  of  the  fun,  and  the 
parallelifm  of  its  rays,  the  motion  of  the  ftiadow 
of  the  ftile  among  the  hour  lines,  muft  be  the  very 
fame  in  both.  In  what  follows  I  fhall  alfo  ufe  the 
parallel  great  circle  inftead  of  the  dial  plane ;  for 
the  fun  will  be  in  the  plane  of  both,  at  the  fame 
inftant ;  and  therefore  will  begin  to  ftiine  on  both, 
or  leave  fhining  on  both,  at  the  fame  moment  of 
time.  ( 

PROP.  XXY.  Proh. 

A  direct  north  reclining  dial  plane  being  given  ;  to 
find  the  time  of  the  year ,  when  the  fun  will  totally 
leave  one  fide  of  the  plane ,  and  fhine  upon  the  other . 

10.  The  fun  is  in  the  plane  of  any  great  circle,  at 
the  points  where  his  parallel  of  declination  cuts  that 
great  circle,  and  therefore  the  time  muft  be  calcu¬ 
lated  when  he  is  in  thefe  points,  And  at  that  time 
he  is  going  off  one  fide  of  the  plane  to  go  upon 
the  other  fide.  But  when  he  wholly  goes  off  one 
fide  of  a  plane,  the  fun’s  parallel  muft  touch  the 
other  fide  of  the  plane,  in  the  meridian  ^  if  the 
plane  is  diredl  north  or  fouth. 

Let  HZO  be  the  meridian,  EQ^the  equinoctial, 
Z  the  zenith,  P  the  pole.  Take  the  difference 
between  the  latitude  of  the  place,  and  the  reclina- 
tion  of  the  plane  ;  and  that  will  be  the  latitude* of 
the  place  where  the  dial  plane  is  perpendicular  to 
the  horizon.  And  this  will  be  north  latitude,  when 
the  latitude  of  the  place  is  greater  than  the  recli- 

nation  ; 
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nation  ;  but  fouth,  if  lefs,  And  this  new  latitude  F 
of  the  plane  will  be  the  fun’s  declination,  when  it  i 
quite  leaves  the  plane;  from  whence  the  day  of 
the  year  is  known. 

For  if  ZA  is  the  reclination,  then  the  plane  will 
be  vertical  at  A,  therefore  AC  is  the  dial  plane, 
and  the  fun’s  parallel  AB  touches  it  in  A.  There¬ 
fore  whilll  the  fun  advances  from  A  towards  P, 
it  will  Ihine  altogether  on  the  fide  of  the  plane  to¬ 
wards  P,  having  quite  left  the  other  fide.  There¬ 
fore  the  fun’s  declination  EA  will  lliew  the  time  of 
leaving  the  fide  towards  H. 

Examp . 

5 'uppofe  a  north  plane  leans  fouthward  35  degrees ,  in 
lat.  54f ;  to  find  the  time  of  the  Jim's  leaving  the  fiouth 
fide . 

Here  35  fubtraCted  from  54I  leaves  1  gf  for  the 
fun’s  declination  EA  ;  and  this  anfwers  to  May  18, 
when  it  quite  leaves  the  fouth  fide  going  northward. 
Alfo  in  its  return  towards  the  fouth,  on  July  26, 
it  begins  again  to  Ihine  on  the  fouth  fide,  leaving 
the  fame  declination  as  before. 

Cor.  1.  Hence  if  the  difference  between  the  latitude 
of  the  place  and  the  reclination  of  the  plane ,  exceeds 
the  fun's  greateft  declination ;  the  fun  fbines  on  both 
/ides  of  the  plane ,  till  he  paffes  the  equator ;  and  then 
he  Jhines  only  on  that  fide  next  the  equator . 

For  then  the  plane  AC  will  be  interfered  by 
every  parallel  of  declination  ;  till  he  come  to  the 
equinoctial.  But  beyond  the  equinoctial,  the  in¬ 
teraction  is  below  the  horizon,  when  the  fun  ftiines 
not.  So  when  the  fun  is  between  E  and  H,  he 
fliines  only  on  the  fide  AC  towards  E. 

Cor.  2.  When  the  latitude  is  equal  to  the  reclina- 
tion ,  the  fun  Jhines  half  a  year  on  one  fide ,  and  half 
a  year  on  the  other  fide  of  the  plane. 


For 
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Fig.  For  then  A  falls  upon  E,  and  the  plane  EC  be*- 
10.  comes  parallel  to  the  circles  of  declination. 

Cor.  3.  When  the  latitude  of  the  place  is  greater 
than  23^  degrees ,  a  dir  eft  fouth  vertical  or  reclining 
dial  plane ,  has  the  fun  finning  on  both  fides  of  the 
plane ,  every  day ,  whilfk  the  fun  is  in  the  northern 
figns .  But  only  on  the  fouth  fide ,  when  in  the  fouth - 
mz  figns. 

Cor.  4.  a  north  recliner *  reclines  fo  much , 

/w-0/  A  falls  more  than  23^  deg.  beyond  E 
towards  H  ;  #//  phcenomena  will  be  contrary . 

Cor.  5,  Rjy  means ,  z/z  <2/27  dial  plane?  how¬ 

ever  fituated ,  whether  declining ,  inclining ,  &V. 

of  the  year  may  be  found?  when  the  fun  quite 
leaves  one  fide  of  the  plane. 

For  if  AC  be  the  dial  plane,  which  will  be  a  di- 
re6t  fouth  plane  in  fome  longitude  or  other  (by 
Prop.  XVI.)  Then  by  having  the  height  of  the 
pole  above  the  plane,  which  is  FA  ;  you  will  find 
its  diftance  from  the  equinoctial  EA,  by  fubftrac- 
ting  from  90,  then  will  EA  be  the  fun’s  declina¬ 
tion,  when  the  fun  leaves  the  fouth  fide.  And  the 
fun’s  declination  being  had,  the  time  is  known. 
And  hence. 

Cor.  6.  The  fun  will  always  leave fioining  upon  one 
fide  of  a  plane ,  at  the  fame  time  of  the  year ,  when 
the  pole’s  height  above  the  plane  is  the  fame ,  let  its 
poftion ,  in  other  refpefts ,  be  what  it  will . 

PROP.  XXVI.  Prob . 

Having  the  fituation  of  any  dire 51  fouth  inclining 
dial  plan g  *,  to  find  the  hour  of  the  day ,  when  the  fun 
leaves  the  north  fide ,  to  fhine  on  the  fouth  fide  of  it. 

The  height  of  the  pole  above  the  plane  mu  ft 
firlt  be  found  j  for  which  add  the  proclination  to 
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the  complement  of  the  latitude,  when  it  leans  fouth.  Fig. 
Then  fay,  13. 

As  radius  : 

‘Tan.  fun's  declination  :  : 

Tan.  height  of  the  pole  above  the  plane  : 

Cof  hour  angle  at  the  pole ,  from  noon. 

Then  that  angle  reduced  to  time,  fhews  how 
long  before  or  after  noon,  the  fun  begins  to  fhinc 
on  the  fouth  fide. 

For  let  HAO  be  the  meridian,  EQ^  the  equE 
no&ial,  Z  the  zenith,  P  the  pole,  AC  the  incli¬ 
ned  dial  plane.  Draw  the  fun’s  parallel  of  decli¬ 
nation  RL,  to  interfea  the  plane  in  S,  and  draw 
the  hour  circle  SP.  And  when  the  fun  is  in  S,  it 
is  juft  going  off  the  north  fide  upon  the  fouth  fide 
of  the  plane.  Therefore  in  the  right  angled  fphe- 
rical  triangle  APS,  it  is  (by  Cafe  4),  rad  :  cotan. 

SP  :  :  tan.  AP  :  cof.  angle  APS  which  converted 
into  time  gives  the  hour  before  and  after  noon, 
when  the  fun  is  in  S. 

Cor.  1.  If  the  plane  AC  paffes  thro 9  the  pole  P,  or 
the  6  o'clock  hour  circle.  The  fun  paffes  from  the 
north  fide  to  the  fouth  fide  always  at  6  o'clock.  '  And 
in  the  winter  months ,  the  fun  jhines  not  at  all  on  the 
north  fide. 

Cor.  2.  If  the  plane  fall  below  the  pole ,  or  lyeth 
between  CP  and  CO  j  the  fun  goes  off  the  north  fide 
before  the  hour  of  fix  in  the  morning ;  and  goes  on 
again  after  fix  in  the  evening. 

Cor.  3.  If  the  plane  fall  in  with  the  equator ,  the 
fun  Jhines  all  the  day  on  one  fide  \  being  on  that  fide  to¬ 
wards  which  the  declination  is. 

For  if  EC  be  the  plane,  it  fhines  on  the  north 
fide  only,  when  it  has  the  north  declination  ER  ; 
and  on  the  fouth  fide,  when  it  has  fouth  declina¬ 
tion. 


Cor. 
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.  Cor.  4 .  In  a  north  recliner ,  where  the  reclination 
is  greater  than  the  latitude  \  the  fun  never  (bines  on  the 
fouth  fide  in  the  fummer  months . 

Cor.  In  all  dial  planes ,  where  the  height  of  the  pole 
above  the  plane  is  the  fame ;  the  fun  goes  off  at  the 
fame  hour  of  the  day ,  reckoning  time  for  each ,  at  the 
place  where  it  is  a  dire  It  fouth  dial 

PROP.  XXVII.  Prob. 

To  find  the  hour  of  the  day  when  the  fun  leaves  one 
fide  of  a  vertical  declining  plane ,  to  jhine  upGn  the 
other . 

To  do  this  we  muft  firft  find  the  time  from  noon, 
when  the  fun  leaves  one  fide  of  a  diredl  north  or 
fouth  plane,  to  (bine  on  the  other,  by  the  laft  Prop. 
And  if  the  plane  declines  eaft ;  to  the  time  found, 
add  the  plane’s  diff.  longitude  in  time,  and  the  fum 
will  be  the  diftance  of  time  before  noon,  when  the 
fun  leaves  the  north  fide.  But  fubtrabt  the  plane’s 
dif.  longitude  from  the  time  found,  and  you  will 
have  the  time  of  leaving  the  fouth  fide.  But  if 
the  plane  declines  weft,  the  laid  difference  of  time 
will  (hew  the  diftance  of  time  before  noon,  when 
the  fun  begins  to  (bine  on  the  fouth  fide  ;  and  the 
fum  will  (hew  the  time  of  leaving  the  fouth  fide. 


Examp . 

Suppofe  a  plane  declining  ea(l  25  deg .  in  lat.  54ft. 
Where  the  height  of  the  pole  PB  above  the  plane  is 
3 1°  45b  and  the  plane's  dif \  longitude* ZPB  is  29  48. 
And  the  finds  declination  1  8°  north. 

As  Radius  —  —  10. 

Tan.  fun’s  declination  (18)  9.51177 

Tan.  poled  height  (31  45)  9.79156 


Ccf  hour  angle  at  the  pole  78  24 


9  3°333 


Dif. 


P 1  Jt  .pa.  4$ . 
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Dif.  longitude 

29  48 

Fig. 

fum 

I08  12 

14. 

dif. 

4,3  36 

Then  108  12  reduced  to  time  gives  yh  13®  be- 
fore  noon  •,  that  is,  at  4h  4  7*  in  the  morning,  ora 
little  after  fun  rife,  when  the  fun  comes  upon  the 
fouth  fide.  And  48°  36'  reduced  to  time  is 
3h  i4m  ;  and  fo  it  goes  off  the  fouth  fide  again,  at 
near  a  quarter  pad  three. 

But  if  the  plane  had  declined  weft,  the  fun 
would  have  come  on,  3  14  before  12,  that  is,  at 
Sh  46™ ;  and  gone  off  again  at  yh  13®. 

Other  wife  thus. 

Let  PB  be  the  meridian,  P  the  pole,  2  the  ze¬ 
nith,  and  SZA  the  dial  plane.  Let  bBA  be  the 
fun’s  parallel,  and  draw  PI  perpendicular  to  SA. 
Then  A  will  be  the  place  of  the  fun  when  it  be¬ 
gins  to  fhine  on  the  fouth  fide  of  the  plane,  and 
S  his  place  when  he  goes  off  \t. 

1  hen  in  the  oblique  fpherical  triangle  2  PA  we 
have  given,  PA  the  complement  of  the  fun’s  de¬ 
clination,  PZ  the  complement  of  the  latitude,  and 
angle  PZA  the  complement  of  the  plane’s  decli¬ 
nation.  Aifo  in  the  triangle  SPZ,  the  fame  things 
are  given,  viz.  SP,  PZ,  and  SZP  ;  from  hence  to 
find  the  angles  ZPA  and  ZPS,  by  Cafe  2,  of  ob¬ 
lique  triangles. 


Radius  :  _ 

S.  latitude  (ccf  PZ)  54d  30' 

Cotan.  -plane  s  declination  [tan,  PZ  A)  250 

Cotan,  ZPI,  2 q  48 


10, 

9  gt 068 
10.33  1 33 

10.24201 


Then 


E 


( 
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Fig.  Then 

*4*  Tan.lat.  54  30  {cot.  ZP)  — 

Tan.  fun's  declin .  180  {cot.  PA) 

Cof  ZP  I,  29  48  — - 

19.45017 

C<?/I  API  SPI,  78  24  9*3°344 

Then  to  API,  78  24.  from  SPI,  78  24 
add  ZPI,  29  48.  fubt.  ZPI,  29  48 

APZ  zz  108  12.  SPZ  zz  48  36 

which  reduced  to  time,  give  the  fame  anfwer  as 
before. 

PROP.  XXVIII.  Prob. 

T 0  find  the  hour  of  any  day ,  when  the  fun  goes  off 
the  eaft  fide  of  an  eaft  reclining  dial  plane ,  to  Jhine 

upon  the  weft  fide . 

$ 

The  day  being  had,  the  fun’s  declination  is  known; 
therefore. 

As  Radius  : 

Tan.  fun's  declination  :  : 

Tan.  pole's  height  above  the  plane  : 

Cof.  hour  angle  from  12  at  the  pole ,  which  wiU 
be  greater  than  90°,  where  the  fun's  declination  is  north . 
Then  fubtraft  the  plane's  difference  of  longitude  from 
this  angle ,  and  the  remaining  angle ,  converted  into 
time ,  gives  the  hour  after  12  at  noon ,  when  the  fun 
leaves  the  eaft  fide. 

t.  For  if  HZO  be  the  meridian,  P  the  pole,  Z  the 
zenith,  HFO  the  dial  plane,  PF  an  hour  circle  per¬ 
pendicular  to  HFO.  Then  the  plane’s  dif.  longi¬ 
tude  is  RPZ  equal  to  OPF,  which  is  the  dif.  lon¬ 
gitude  from  Z.  But  the  hour  angle  found  before, 
is  the  time  of  the  fun’s  going  off  the  plane  HFO, 
after  the  noon  at  the  other  place,  that  is,  after  that 

hour 


10.14672 

9.51177 

9.93840 
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hour  in  the  morning  that  correfponds  to  that  dif.  Fig. 
longitude.  Therefore  fubtra&ing  the  diff*.  longi-  8. 
tude  RPZ  from  the  hour  angle  found  before  ;  the 
remainder  reduced  to  time,  (hews  how  long  after 
12a  clock  the  fun  goes  off*  the  plane.  v 

And  if  it  be  a  weft  reclining  plane,  then  the  time 
kift  found  will  jhew ,  how  long  before  1  2  the  fun  comes 
upon  the  weft  fide ,  pr  leaves  the  eaft  fide . 

Example . 

An  eaft  plane  redines  3  5  degrees ,  in  lat  5 1  f .  The 
pole's  height  abo  ve  the  plane ,  2641;  the  fun's  decli¬ 
nation,  23-f  north',  and  the  plane's  diff.  longitude, 

66  27. 

Radius  —  10. 

Tan.  fun's  de cl.  23-  9.63830 

Tan.  pole's  height,  26  41  9.70120 


Co f  hour  angle,  102  38.  9-3395° 

Then  from  102  38 
fubt.  66  27 


rem.  36  11  ~  2  hours  24  min.  after  12, 


when  the  fun  goes  off*  the  plane. 


Other  wife  thus . 

Let  NB  be  the  meridian,  N  the  north  point  of 
the  meridian,  P  the  pole,  BSA  the  fun’s  parallel 
for  that  day.  Then  in  the  oblique  fpherical  trian¬ 
gle  NPS  *,  there  are  given  NP  the  latitude,  PS  the 
complement  of  the  fun’s  declination,  and  the  angle 
PNS  the  reclination  of  the  plane;  to  find  the  an* 
gle  NPS  or  BPS,  by  Cafe  2.  Let  Pi  be  perpendi¬ 
cular  to  NS.  Then 

Radius  — 

Cof.  latitude  (NP)  5 if 
Tan.  reclination  (PNS) 

Cot  an.  NFI,  66  27 

E  2 


JO. 


n  r 


9.79414 

9-^4523 

9*62037 


1 


Then 
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Fig.  Then  Cotan .  latitude  (NPj  5 if  9.90060 

Cof  NPI,  66  27  —  9  60157 

Tan. fun's  decl.  (cotan.  SP)  23-J  9.63830 


Cof  SPT,  77  22 
add  NPI,  66  28 


19.2^87 

9-33927 


2  43  5°>  which  taken  from  180, 
leaves  BPS  zz  36  10,  which  reduced  to  time  is 
2h  24m,  as  before* 


PROP.  XXIX.  Prob. 

To  find  when  the  fun  goes  off  any  eaft  declining  'plane , 
that  paffes  thro '  the  pole  j  or  comes  upon  a  weft  declin¬ 
ing  one , 

As  fine  of  the  latitude  : 

Radius  :  : 

Cotan.  plane's  declination  : 

Tan.  hour  angle  ( from  12)  at  the  pole. 


This  converted  into  time  gives  the  hour  after  12, 
when  the  fun  goes  off  an  eaft  declining  plane.  And 
fo  many  hours  before  12  it  comes  upon  a  weft  de¬ 
clining  plane,  paffmg  thro’  the  poles. 

16.  For  let  NB  be  the  meridian,  P  the  Pole,  Z  the 
zenith,  APD  the  declining  plane,  which  is  fome 
hour  circle,  LS  the  fun’s  parallel,  S  his  place  when 
he  goes  off  the  plane.  Then  in  the  right  angled 
fpherical  triangle  PNA,  we  have  given  PN  the  la¬ 
titude,  NA  the  complement  of  the  declination  ; 
to  find  the  angle  NPA,  by  Cafe  13,  S.NP  *  Ra¬ 
dius  ;  :  Tan.  NA  :  Tan.  NPA  or  DPB,  the  hour 
angle  after  12,  that  the  fun  at  S  goes  off  the  eaft 
fide. 


Examp. 


Sect.  I. 
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Ex  amp. 

Let  the  plane  decline  65  degrees ,  in  lat.  54 
S.  latitude  54F  9.91068 

Radius  —  10. 

Cat  an.  declin.  65  9.66867 

Fan.  hour  angle ,  29  48  9*75799 


53 


Fi 

1 


And  29  48  reduced  to  time,  is  ih  59™,  when  the 
fun  goes  off  the  eaft  fide  upon  the  weft  fide.  And 
if  it  was  a  weft  declining  plane,  the  fun  would 


come  on  at  10  1 


m 


PROP.  XXX.  Proho 

Having  given  a  fouth  reclining  dial  plane ,  declining 
eaft  or  weft  ;  to  find  the  hour  of  a-  given  day ,  when 
the  fun  comes  on  or  goes  off  the  fouth  fide . 

Find  firft  the  height  of  the  pole  above  the  plane, 
and  the  plane’s  difference  of  longitude,  by  Prop. 
XXII.  Then  by  Prop.  XXVI,  find  the  hour  angle, 
as  if  it  was  a  diredl  fouth  plane ;  to  this  add  the 
plane’s  dif.  longitude,  and  it  gives  the  hour  angle 
from  noon,  when  the  fun  comes  upon  it ;  and  from 
the  hour  angle  fubtradt  the  plane’s  diff.  longitude, 
for  the  hour  angle  of  going  off.  This  is  for  an 
eaft  decliner.  And  do  the  contrarv  for  a  weft  de- 
diner. 

Example . 

Let  the  latitude  he  514-3  the  declination  330  eaft , 
and  reclination  55.  Whence  the  height  of  the  pole  is 
19  25,  and  longitude  of  the  plane  17  42;  and  the 
fun's  declination  234-. 

Then  Radius  — - 

Pan.  fun's  declin.  23- 
Pan.  pole's  height ^  19  25 

Cof  hour  angle ,  98  49, 


10. 

9.63830 
9-5+7 1 3 


9-l8543 


E  3 


being 


54  DIALLING. 

Fig.  being  greater  than  a  right  angle,  when  the  plane 
falls  below  the  pole. 

Then  hour  angle  98  49 

diff.  longitude  17  42 

fum  1 1 6  31  zz  7h  46151 

diff  81  7  —  5h  25“. 

So  that  the  fun  comes  upon  plane  711  46111  before 
12,  and  leaves  it  at  5h  25115.  But  in  a  weft  de- 
diner  it  comes  on,  £h  2£ra  before  12,  and  goes 
off  at  f  46m. 

17*  For  let  NPB  be  the  meridian,  P  the  pole,  Z  the 
zenith,  AMD  the  dial  plane,  Shs  the  fun’s  parallel. 
Draw  the  hour  circle  FPL  perpendicular  to  the 
circle  AFD.  Then  the  fun  comes  upon  the  fouth 
fide  of  the  plane  at  j,  and  goes  off  at  S.  Draw  the 
meridians  PS,  Ps.  Then  fince  the  meridian  PF  is 
perpendicular  to  the  plane,  PF  is  the  height  of 
the  pole;,  and  MPF  or  ZPL  is  the  plane’s  diff 
longitude.  But  in  the  right  angled  triangle  FPS, 
there  is  given  FP  the  pole’s  height,  and  PS  the 
.complement  of  the  fun’s  declination  ;  therefore  by 
Cafe  4.  rad  ;  cotan.  PS  :  :  tan.  PF  :  cofin.  SPF  or 
jPF,  lefs  than  a  right  angle-,  therefore  SPL  is 
greater  than  a  right  angle.  Whence  jPL  +  LPZ 
zz  iPZ  the  angle  before  noon  and  SPL  —  LPZ 
zz  SPZ  the  angle  after  noon.  Thefe  angles  re¬ 
duced  to  time,  fhew  when  the  fun  comes  upon  the 
plane  at  s,  and  when  he  goes  off  it  at  S. 

PROP.  XXXI.  Prod. 

Having  a  north  reclining  dial  plane ,  declining  eafi 
®r  weft  %  to  find  the  hour  of  any  day9  when  the  fun 
goes  upon  the  north' fide. 

Find  the  pole’s  height  above  the  plane,  and  the 
plane’s  difference  of  longitude.  Then  find  the 
hour  angle  (by  Prop,  XXVI.)  as  if  it  wras  a  di- 

red}: 
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red  fouth  plane.  Then  the  difference  of  the  hour  Fig. 
angle  and  plane’s  longitude,  reduced  to  time,  fhews  18. 
the  diftance  of  time  from  noon,  when  the  fun  comes 
upon  the  north  fide  of  the  weft  decliner  ;  which  is 
before  noon,  when  the  plane’s  longitude  is  bigger, 
otherwife  after  noon.  But  in  an  eaft  decliner,  that 
diftance  of  time  muft  be  taken  after  noon  when  the 
plane’s  longitude  is  greater,  otherwife  before  noon; 
and  fhews  when  the  fun  comes  upon  the  fouth  fide 
of  it. 


Example. 


Suppofe  the  latitude  514* 
Plane's  dif.  longitude  1 2 1  15. 
150 ;  the  plane  declining  weft. 
"Then,  Radius  — 

an .  fun's  decl.  x  5 
P an %  pole's  height,  54  45 


Pole's  height  54  45. 
Sun's  declination  fouth 


!  IO. 

9.42805 

IO.I5O74 


Cof  hour  angle  112  17  9-57^79 

from  12 1  15 

take  1 1 2  17 


8  58  1 r  36  minutes. 

So  the  fun  comes  upon  the  north  fide  36  minutes 
before  noon.  If  the  plane  had  declined  eaft,  it 
would  go  off  36  minutes  after  noon,  and  go  upon 
the  fouth  fide. 

Let  NPB  be  the  meridian,  P  the  pole,  Z  the 
zenith*  AMD  the  dial  plane,  SL  the  fun’s  parallel, 
S  the  fun’s  place  when  in  the  plane.  Draw  the 
fun’s  hour  circles,  PS  ;  and  LPF,  perpendicular 
to  the  dial  plane  AFS.  Then  PF  is  the  pole’s 
height,  and  MPF  the  plane’s  dif.  longitude.  And 
in  the  right  angled  triangle  FPS,  we  have  FP,  and 
PS,  the  fun’s  diftance  from  the  pole  ;  to  find  the 
angle  SPF  (by  Cafe  4),  rad.  :  cotan.  PS  :  :  tan. 
PF  :  cof.  SPF,  which  will  be  greater  than  a  right 

E  4  angle, 


1 
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Fig.  angle,  when  PS  is  greater,  and  PF  lefs,  than  a 
1 8,  right  angle.  Then  MPF  —  SPF  —  MPS,  which 
is  before  noon,  as  S  is  on  the  eaft  fide  of  the  meri¬ 
dian. 

PROP.  XXXII.  Prob. 

•V  *  -  ~  * 

*to  defcribe  the  conftrudion ,  nature,  and  ufe  of  the 
common  dialling  fcales  ;  or  of  fuch  lines  and  fcales  (is 
are  commonly  made  ufe  of,  in  drawing  dials . 


The  lines  on  the  common  dialling  fcales  are  thefe. 


if  A  fcule  or  line  of  hours  ;  marked  hours  on  the 
vfcale. 

2.  A  line  of  degrees  anfwerable  to  the  hours,  for 
it  is  no  more  than  the  hours  in  degrees.  This  is 
marked  In  din.  M.  or  inclination  of  meridians. 

a.  The  next  is  the  line  of  latitudes,  marked 
Latit.  And  at  the  end  of  it,  there  is  a  fmall  line  of 
chords  to  6o. 

4.  Then  there  is  a  large  line  of  chords,  the  whole 
length  of  the  fcale. 

5  and  6.  Thefe  are  the  two  polar  lines,  a  greater 
and  a  lefs,  and  marked  G.  PoL  and  L .  Pol..  Thefe 
fwo  lines  may  be  continued  ad  infinitum. 


5 their  Conftrudion. 

ig*  Draw  the  line  GB,  and  on  any  point  C  as  a 
center,  defcribe  the  circle  ADB  ;  and  draw  GDI 
perpendicular  to  it,  to  divide  the  femicircle  into 
two  quadrants  AD  and  DB.  Then, 

1,  Let  the  quadrant  AD  be  divided  into  degrees, 
make  AH  ~  HD  zn  45  degrees,  and  draw  the  ra¬ 
dius  CH,  and  GH1  perpendicular  to  it.  Then 
GH  and  HI  are  tangents  at  H,  and  GH,  or  HI 
in  radius  CH.  Thro’  the  points  r,  r,  r ,  &c.  at 
15,  30,  45,  &c.  degrees,  draw  the  lines  Ci,  C2, 
C3,  Cq,  &c.  to  cut  Gl  in  i5  2,  3,  4,  5,^6.  Then 

GI 


\ 
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GI  is  the  line  of  hours.  But  if  lines  be  drawn 
thro’  s,  s,  .q  &c.  at  io,  20,  30,  &c.  degrees, 
(and  alfo  thro’  the  intermediate  degrees),  to  cut  the 
line  GI  ;  and  numbered  10,  20,  30,  &c.  then 
you  have  the  line,  inciL  mer.  or  the  fecond  line  on 
the  fcale,  which  is  only  the  firlt  line  reduced  to  de¬ 
grees. 

2.  For  the  line  of  latitudes.  Thro*  s,  s,  &c. 
or  the  points  of  10,  20,  30,  &c.  degrees,  draw 
parallels  to  AC,  as  sm,  sm ,  &c.  cutting  CD  in 
m9  m,  &c.  Then  thro5  m,  m9  m,  &c.  draw  Am, 
Am ,  Am,  &c.  cutting  the  quadrant  BD  in  n,  n9 
n,  &c.  Draw  BF  parallel  to  CD ;  and  transfer 
the  lengths  Bn,  Bn,  Bn,  &c.  upon  the  line  BF, 
to  10,  20,  30,  &c.  And  if  the  fame  be  done  with 
all  the  intermediate  degrees,  then  BF  will  be  a 
line  of  latitudes.  And  the  whole  length  of  this 
line  of  latitudes,  is  equal  to  BD  or  AD  the  chord 
pf  90°. 

3.  The  line  G.  Pol.  and  L.  Pol.  are  no  more 
than  two  lines  of  tangents,  reduced  to  hours.  The 
radius  of  the  greater,  is  the  radius  of  the  fmall 
line  of  chords,  at  the  end  of  the  line  of  latitudes, 
and  this  radius  is  half  AC. 


Cor.  1.  Put  radius  AC  zz  r,  fin.  latitude  Cm  zz  s, 


then  the  length  on  the  line  of  latitude  s  zz  —7 

v 


2  rs 


rr  4-  ss 


for  that  latitude . 

For  draw  Bn.  Then  the  triangles  AC m,  AB^ 

are  fimilar  ;  whence  Am  ( \/rr  4-  ss)  :  Cm  (s)  :  : 

2  rs 

AB  (2 r)  :  Bn  or  B2Q  zz  — . 

v  rr  4“  ss 


Cor.  2.  If  t  zz  tan .  latitude  \  then  the  length  on 

the  line  of  latitudes  zz  — — 1^--  for  any  latitude • 

*  V^rr  4“  2// 

For 


5* 
Fig. 

19 
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o-  For  the  fecant  (\/ rr  +  tt)  :  tangent  (/)  : :  radius 


zz  Cm.  And  Am 


if 

(r)  :  the  fine  s  zz  — - 

%/  rr  +  tt 

AC4  +  Cmz  zz)  whence 

_ _ _  v'Vr  +  tt 

(?>/  rr  +  2tt' 

Am 


:  B  n  zz 


\/ rr  +  tt 
2tr 


)  :  Cm  (  -t—— — \  :  :  AB  (2 r) 
)  \Vrr  +  tt) 


\/ rr  +  2  tt 


Cor.  3.  Put  y  zz  fine  of  the  archy  whofe  tangent 
is  t\/ 2  ;  then  y\/ 2  zz  length  on  the  line ,  B/z. 

For  j  zz  — zz  fine  of  the  arch  whofe 
s/  rr  +  2  tt 
tangent  is  t\/i. 

The  Ufe. 

jg.  To  draw  a  dial  by  the  fcale.  Let  C  be  the  cen¬ 
ter  of  the  dial,  draw  the  fubftile  CD,  and  ACB 
perpendicular  to  it.  Then  having  the  height  of 
the  pole  above  the  plane,  take  it  from  the  line  of 
latitudes,  and  fet  it  from  C  to  A  and  from  C  to  B. 
Then  take  the  whole  length  of  the  line  of  hours, 
and  fetting  one  foot  of  the  compalfes  in  A  or  B, 
with  the  other  crofs  the  line  CD  in  D.  Draw  the 
lines  AD  and  BD.  Then  get  the  feveral  hour 
arches  from  the  meridian  of  the  plane,  and  count¬ 
ing  them  on  the  fcale  of  hours,  fet  them  from  D 
towards  A,  and  from  D  towards  B,  in  the  lines 
DA,  DB.  And  from  C,  draw  lines  thro’  all  thefe 
points,  for  the  hour  lines,  as  Ci,  C2,  C3,  C4,  C5, 
and  Cn,  Cio,  C9,  C8,  C7. 

>0  The  ufe  of  the  two  polar  lines  is  only  for  draw- 
’  ing  fuch  dials  as  have  no  centers ;  or  where  the  dial 
plane  goes  thro’  the  poles.  And  the  radius  of  each 
is  the  length  of  3  hours  on  the  fcale,  to  be  ufed. 
To  ihew  the  truth  of  this  operation, 


Bifeft 
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Bifeft  BD  in  O,  then  will  BO  or  OD  zz  r,  and  Fig. 


fince  BD  zz  2 r,  and  CB  zz 


2  rs 


v'Vr  + 


v^BD2 


CBJ 


2rr 


Whence 


and  CD  zz 

BC  _  s_ 
DC  “  r  • 


21. 


\/rr  + 

Now  by  conftru&ion  DO  is  a  fcale  of  tangents  of 
the  hour  arches  *,  and  the  numbers  on  the  line  ex- 
prefs  thefe  hour  arches.  And  as  OD  is  the  tangent 
of  450  (or  radius),  and  OA  the  tangent  of  an  other 
arch  •,  therefore  AD  is  the  difference  of  the  tangents 
of  thefe  two  arches  \  which  being  known,  the  dif¬ 
ference  of  the  arches  will  be  known  ;  and  this  is 
the  hour  arch  correfponding  to  DA.  For  (by  Cor. 

2.  Prop.  9.  S.  I.  B.  I.  Trigon.)  P?  ~AAl x  r,  or 
^  y  &  DO  +  OA 

PA  x  r  z  tan.  this  hour  arch.  But  CD  :  CB  :  : 
BA 

r  :  .r,  and  in  the  triangle  CDB,  CD  :  DB  : :  r  :  tan. 
CDB  ^  therefore  s  z=  tan.  CDB.  Let  fall  AF  per¬ 
pendicular  to  CD.  Then  in  the  triangles  CFA  and 
DFA,  r  :  AF  :  :  cotan.  FDA  :  DF  :  cotan.  FCA  : 
CF  ;  and  alternately,  CF  :  DF  :  :  cotan.  FCA  :  cot. 
FDA  :  :  tan.  FDA  :  tan.  FCA  :  :  BA  :  DA,  (be- 
caufe  DFA,  DCB  are  fimilar  triangles).  Whence, 

D  A 

tan.  FCA  z=  _  x  tan.  FDA  •,  and  r  x  tan.  FCA 

BA 


zz  P  A  r  X  s  zz  tan.  hour  arch  X  s.  Therefore  r  : 
BA 

s  :  :  tan.  hour  arch  :  tan.  FCA  the  hour  angle,  which 
is  the  fame  proportion,  as  in  Cor.  Prop.  XV1IL 
and  therefore  is  truly  found. 

If  Ca  be  an  hour  line,  and  T>a  greater  than  DO  ; 
then  D a  is  the  fum  of  the  tangents  OD,  O a  \  and 
(by  Cor.  Prop.  VIII.  ib.)  the  tan.  fum  of  the  arches 

—  - - r  —  —  r  zz  tan.  hour  arch,  corre- 

pO^O  a  Ba 

fponding 
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Fig.  fponding  to  Da,  on  the  line.  Alfo  tan.  fCa  zr 

— X  tan./IXz,  and  r  X  tan./C^  zz  —  x  ^  =  tan. 

hour  arch  x  s.  Whence  as  before,  it  will  be,  r  :  s  :  % 
tan.  hour  arch  :  tan.  hour  angle  fCa , 

Alfo  if  A  or  a  fall  upon  O,  then  r  zz  tan.  hour 
'arch,  and  tan.  hour  angle  DCO  zz  s. 

Laftly,  if  OA  zz  O a,  then  B a  zz  DA  ;  and  CA, 
Ca  will  be  hour  lines,  whole  hour  arches  are  equi- 
dittant  from  CO,  or  the  third  hour. 

Scholium. 

There  are  feveral  other  lines  put  upon  fcales  for 
dialling,  but  are  only  particular,  as  being  made  for 
ibme  particular  latitude  only.  Thefe  lines  are,  i. 
A  line  of  chords.  2.  A  line  of  the  fubftile’s  diftance 
from  the  meridian.  3.  A  line  for  the  height  of  the 
ftile  above  the  plane.  4.  A  line  of  the  angle  of  the 
hours  of  12  and  6.  5.  A  line  of  the  plane’s  difF. 

longitude,  or  inclination  of  meridians.  All  thefe 
are  calculated  for]  every  degree  of  declination,  by 
Prop.  XX.  for  feme  particular  latitude,  as  that  of 
London  ;  and  put  on  a  fcale  together.  And  thus 
the  feveral  requifites  for  any  declining  dial  are  had 
by  mfpection.  Its  ufe  is  no  more  than  this,  count 
the  plane’s  declination  in  the  line  of  chords  ;  and 
a  line  drawn  direclly  crois,  will  cut  all  the  other 
lines  in  their  proper  points,  which  the  numbers 
will  fiiew  ;  and  fo  give  all  the  requifites  without 
calculation.  And  thefe  requifites  being  had,  the 
dial  may  be  drawn  by  this  Prop. 

When  a  fcale  of  this  fort  is  not  to  be  had,  the 
requifites  may  be  found  by  Gunter’s  fcale;  extend? 
ing  upon  the  feveral  lines,  according  to  the  feveral 
rules  and  proportions  laid  down  for  that  purpofe. 


SECT. 


[  6i  ] 


SECT.  II. 


The  PraBical  Part  of  Diallings  or  the 


Art  of  drawing  Dials  upon  all  forts 
of  Planes.  How  to  find  the  Situation 
of  a  Plane ;  and  how  any 


any 


PROS.  I. 


To  find  the  meridian  line  of  any  plane . 

1  *  s. 

i 

IF  the  plane  be  even,  eredl  a  pin  on  it  pefpen-  22. 

dicular  to  the  plane,  but  if  not,  procure  a  plain 
board  GH  of  an  equal  thicknefs,  and  fallen  it  to 
the  plane  ;  upon  which  eredt  an  iron  pin  CF  about 
the  middle,  nearly  perpendicular,  and  of  a  pro¬ 
per  length ;  and  let  it  be  {harp  at  the  top  ;  then 
take  a  wooden  ruler,  with  a  fharp  iron  pin  in  one 
end ;  and  lay  the  other  end  upon  the  fharp  end  of 
the  iron  pin  F,  which  is  fall  in  the  board;  then 
carry  the  other  end  fteadily  about ;  the  fmall  pin 
in  the  ruler  will  defcribe  a  circle  ADB,  upon  the 
board.  Obferve  two  times  in  the  day,  when  the 
ihadow  of  the  top  of  the  iron  pin  F,  falls  upon 
the  circumference  of  the  circle,  and  mark  the  two 
points  as  at  A  and  B.  Bifedfc  the  arch  AB,  in 
the  point  D ;  and  from  D,  draw  a  line  DE  thro* 
the  center  of  the  circle,  which  is  ealily  found. 
Then  DE  is  the  meridian  of  the  plane. 

Or  you  may  defcribe  a  circle  round  the  center  C, 
and  raife  the  pin  CF  upon  that  point  C,  to  call  a 


Ihadow  $ 
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Fig.  Ihadow ;  but  then  the  pin  CF  muft  be  exadtly  per* 

22.  pendicular  to  the  plane  at  C. 

If  the  day  be  cloudy,  the  Ihadow  may  happen 
not  to  fall  twice  upon  one  circle  ;  therefore  it  may 
be  proper  to  defcribe  feveral  circles,  that  it  may 
fall  upon  feme  of  them  twice.  And  if  two  points 
in  feveral  circles  be  marked,  they  will  one  corredt 
another,  and  the  operation  will  be  more  exaft. 

To  know  whether  the  pin  is  perpendicular  to 
the  plane  or  not ;  fet  one  point  of  the  compares  in 
fome  point  of  the  circle,  and  extend  the  other  to 
the  top  of  the  pin  F ;  then  if  you  fet  it  in  any 
point  of  the  circle,  the  fame  extent  will  always 
reach  to  the  point  F,  when  the  pin  is  truly  per¬ 
pendicular. 

It  is  certain,  when  the  fun  does  not  change  his 
declination,  (as  he  does  not  fenfibly  in  1 2  hours), 
that  he  will  have  equal  altitudes  at  equal  diftances 
on  each  fide  the  meridian.  And  therefore  if  CD  be 
the  meridian  of  the  plane,  the  arches  AD  and  BD 
tnufl:  be  equal. 

P  R  O  B.  II. 

5" 0  find  the  inclination  of  any  plane  to  the  horizon . 

23.  Let  ABC  be  the  plane,  apply  one  fide  of  a  qua¬ 
drant  to  the  plane,  fo  that  the  plummet  may  fall 
exadtly  on  the  other  fide  ;  the  firft  fide  will  be  ho¬ 
rizontal  •,  therefore  draw  aline  DF  along  that  fide, 
which  will  be  the  horizontal  line  of  the  plane.  If 
you  cannot  apply  a  quadrant,  then  ufe  a  carpen¬ 
ter’s  fquare  or  a  level.  To  the  line  EF,  draw  the 
perpendicular  EL,  which  will  be  the  vertical  line 
of  the  plane.  To  this  vertical  line  EL,  apply  a 
ftreight  ruler  EK  •,  and  to  the  end  K,  beyond  the 
plane,  apply  the  quadrant  GH,  on  the  under  fide  ; 
and  obferve  what  number  of  degrees  are  cut  by 
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the  line  and  plummet  at  I,  reckoning  from  the  ru-  Fi 
ler ;  as  GI,  and  that  will  be  the  reclination  of  the  2 
plane  or  its  proclination,  if  it  lean  forward.  For 
inclining  planes,  a  quadrant  may  be  applied  di- 
redly,  to  the  vertical  line. 

Or  thus. 

Apply  the  fide  of  a  fquare  to  the  line  EL  on  the 
plane  •,  and  apply  the  fide  of  a  quadrant  to  the  o- 
ther  fide  as  KH  *,  then  fee  what  angle  your  line 
and  plummet  makes  with  the  firft  fide  EK,  as 
LKI,  and  that  is  the  reclination  or  proclination  of 
the  plane.  If  the  line  KI  hang  along  the  line 
KH,  then  your  plane  is  horizontals  if  along  the 
lide  KL,  it  is  vertical. 

If  by  turning  the  rule  and  quadrant  all  manner 
of  ways  on  the  plane,  the  perp.  line  Kl  always 
falls  on  the  fide  KH  \  then  the  plane  is  truly  hori¬ 
zontal.  And  the  like  for  the  fquare  and  quadrant. 


P  R  O  B.  III. 

To  find  the  declination  of  any  plane. 


Place  a  board  DM  with  one  fide  of  it  clofe  to 
the  wall  or  plane  EF,  and  to  lie  with  its  upper  fur- 
face  exa&ly  horizontal  •,  there  fix  it.  Upon  this 
board,  as  it  lies,  find  a  meridian  line  MC  (by  Prob. 
I.),  and  draw  a  line  on  the  board  to  reprefent  it. 
Then  lay  a  quadrant  A  MB  fiat  upon  the  board, 
with  one  fide  clofe  to  the  plane,  and  fo,  that  the 
center  C  may  be  in  the  meridian  line,  and  the  bo¬ 
dy  of  the  quadrant,  to  that  hand  where  the  acute 
angle  lies.  Then  note  the  degrees  of  the  quadrant, 
cut  by  the  meridian  line,  reckoning  from  the  per¬ 
pendicular  fide  of  the  quadrant  CB,  then  that, 
viz.  the  angle  MCB  will  be  the  declination.  And 
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Fig.  the  declination  will  be  to  the  right  hand,  if  the 
24.  quadrant  lie  to  the  left ;  and  the  contrary. 

Jf  you  know  when  it  is  juft  noon,  you  may  get 
a  meridian  line  thus,  hold  up  a  plumb  line,  fo  as 
the  lliadow  of  it  may  fall  upon  your  plane  ;  mark 
two  points  of  the  fhadow,  and  draw  a  line  thro’ 
them,  and  that  Ihall  be  the  meridian  line  of  the 
place.  And  if  the  plane  be  horizontal  or  aired: 
north  or  fouth ;  it  will  be  the  meridian  of  the  plane 
too. 

Other  wife  thus . 

This  may  alfo  be  done  by  a  compafs  and  mag* 
netical  needle.  This  is  fixt  in  a  box,  fquare  on  all 
fides ;  and  to  ufe  it,  apply  the  north  fide  of  the 
box  to  a  fouth  wall  or  plane  ;  and  the  fouth  fide 
to  a  north  wall,  fo  as  the  box  may  lie  horizontally. 
Then  obferve  how  many  degrees  the  needle  is  from 
the  flower-de-luce  when  it  refts,  (having  due  regard 
to  the  variation)  ,  and  fo  much  will  the  declination 
be.  And  if  the  needle  points  towards  the  right 
hand,  the  declination  is  to  the  right  hand,  and  the 
contrary,  in  fouth  planes.  But  in  north  planes, 
if  the  needle  points  toward  the  right  hand,  the  de¬ 
clination  is  to  the  left,  and  the  contrary.  You  muft 
mind  that  no  iron  be  near  the  compafs.  The  va¬ 
riation  is  1  yd-  deg.  weft  i n  England* 

Or  thus . 

This  method  is  aftronomical,  and  the  molt  ex* 
a£t ;  but  it  is  proper  to  have  an  affiftant ;  for  two 
obfervations  are  required  to  be  made  at  the  fame 
time  the  flrft  to  And  the  diftance  of  the  fun’s 
azimuth,  from  the  vertical  of  the  plane  ;  and  the 
fecond,  to  find  his  altitude. 

For  the  flrft,  draw  a  horizontal  line  upon  the 
plane,  and  apply  one  edge  of  a  quadrant  to  it,  fo 
as  the  limb  of  the  quadrant  be  towards  the  fun  ; 
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and  holding  it  horizontal,  let  an  afliflant  hold  up  a  Fig. 
thread  and  plummet  in  the  fun,  fo  that  the  fhadow 
of  the  thread  may  pafs  thro’  the  center  of  the  qua¬ 
drant  5  then  obferve  the  degrees  which  the  fhadow 
of  the  quadrant  falls  upon,  counting  them  from  the 
perpendicular  fide,  and  you  have  the  fun’s  azimuth, 
in  refped  of  the  plane’s  vertical  circle. 

Again  to  find  his  azimuth  in  refped  of  the  me¬ 
ridian,  his  altitude  muft  immediately  be  taken ; 
and  his  declination  being  known,  from  the  day  of 
the  month*,  his  azimuth  will  be  found  by  Cafe  1 1, 
of  oblique  fpherical  triangles.  / 

Thele  two  azimuths  being  had*  it  is  eafy  to 
know,  whether  the  vertical  of  the  plane  lies  to  the 
eaft  or  weft  of  the  meridian.  For  if  the  fun’s  azi¬ 
muth  from  the  meridian  be  greater,  the  plane  de¬ 
clines  towards  the  fun  ;  but  if  lefs,  it  declines  from 
the  fun ;  that  is,  when  both  azimuths  lye  one  way. 

And  then  the  declination  is  the  difference  of  thefe 
azimuths. 

But  if  the  azimuths  lie  contrary  ways,  the  plane 
declines  from  the  fun  ;  and  the  fum  of  thefe  azi¬ 
muths  is  the  declination. 

If  you  know  the  exaft  time  of  noon,  and  hold 
up  a  line  and  plummet,  before  the  quadrant  at 
that  time,  you  will  have  the  plane’s  declination  at 
once,  by  obferving  the  fhadow,  which  mult  pafs 
thro’  the  center  of  the  quadrant. 

If  you  obferve  the  fun’s  altitude,  juft  when  he 
comes  into  that  plane;  then  the  fun’s  azimuth  be¬ 
ing  found,  gives  you  the  pofition  of  that  plane. 

if  your  plane  be  a  coarfe  wall,  nail  a  long  ruler 
to  it,  to  which  apply  your  inftruments. 
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To  draw  a  dial  geometrically  upon  any  plane. 

Project  the  fphere  by  any  method,  upon  that 
great  circle  of  the  fphere  which  is  parallel  to  the 
dial  plane ;  and  defcribe  the  feveral  hour  circles, 
and  note  the  places  where  they  interfedl  the  primi¬ 
tive  circle.  Draw  lines  from  the  center  thro5  all 
thefe  points  of  interfedlion,  and  they  will  be  the 
hour  lines  for  your  dial. 

For  let  NWSE  be  that  great  circle,  which  will 
bifedt  the  globe,  palling  thro5  the  center  C.  Let 
fig.  7.  reprefent  the  globe  *,  P  the  pole  ^  then  CP 
will  be  the  earth’s  axis,  elevated  above  the  plane 
of  the  circle,  the  quantity  of  the  angle  or  arch 
NP.  Then  fince  the  hour  circles  do  all  pafs  thro5 
the  axis  PC,  they  all  pafs  thro’  C,  which  is  in  the 
plane  of  that  circle  ;  and  the  points  of  interfedlion 
with  the  primitive,  1,  2,  3,  r,  J,  g,  &c.  being  alfo 
in.  the  plane  of  that  circle ;  therefore  the  hour  cir¬ 
cles  interfedl  the  primitive  in  lines  which  pafs  thro* 
the  center  C,  and  thro’  thefe  feveral  interfedlions. 
And  fince  the  fiiadow  will  be  in  any  line  of  inter¬ 
fedlion,  when  the  fun  is  in  that  hour  circle  ;  there¬ 
fore  thefe  lines  of  interfedlion  will  be  the  hour  lines  ; 
that  is,  lines  drawn  from  C  to  1,  2,  3,  &c.  will  be 
the  feveral  hour  lines  of  the  dial. 

As  all  the  hour  circles  .in  the  orthographic  pro¬ 
jedlion  of  the  fphere  will  be  ellipfes  ;  and  as  thefe 
are  difficult  to  defcribe,  their  interfedlions  with  the 
primitive  will  not  be  got  exadl  enough.  Therefore 
this  fort  of  projedlion  is  no  way  commodious  for 
the  drawing  of  dials,  and  therefore  is  never  ufed. 

In  the  ftereographic  projedlion,  all  the  circles  of 
the  fphere  are  circles  in  the  projedlion,  which  are 
far  more  eafily*  defcribed  than  ellipfes,  and  far  more 
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correct ;  therefore  the  interfeCtions  with  the  primi-Fig* 
tive  will  be  more  exaCtly  obtained  ;  which  makes 
this  method  more  commodious  for  drawing  dials ; 
and  therefore  it  is  often  ufed  for  this  purpofe* 

But  in  the  gnomonical  projection,  all  the  great 
circles  are  projected  into  right  lines,  which  are  ftil! 
eafier  to  draw  than  circles  therefore  dials  are  belt 
and  eafieft  drawn  by  this  fort  of  projection  ;  for 
which  reafon,  in  what  follows,  I  floall  make  ufe  of 
it  in  the  geometrical  conftruCtion  of  dials.  And 
the  reafon  of  the  feveral  operations,  will  be  obvi¬ 
ous  to  any  body  that  underftands  the  nature  of  this 
projection  ;  and  needs  no  other  demonstration.  And 
the  rules  of  this  fort  of  projection,  you  have  in  the 
laft  feCtion  of  my  Treatife  on  Projection  ;  and 
therefore  the  dialift  ought  to  be  acquainted  there¬ 
with*  as  it  is  the  foundation  of  all  thefe  operations. 

To  proceed  in  the  eafielt  method,  imagine  the 
perpendicular  height  of  the  (tile  to  be  the  radius 
of  the  fphere,  and  that  the  dial  plane  touches  the 
fphere  at  the  foot  of  the  ftile  •,  then  if  the  fphere 
be  projected  on  that  plane,  by  the  eye  (or  project¬ 
ing  point)  at  the  top  of  the  {tile,  which  is  the  cen¬ 
ter  of  the  {phere  ;  all  the  hour  circles  will  be  pro¬ 
jected  into  their  proper  hour  lines,  which  will  tend 
to  the  projected  pole,  which  will  be  the  center  of 
the  dial.  And  the  projections  of  the  lefter  circles 
will  make  the  reft  of  the  furniture  •,  and  will  be 
conic  feCtions.  And  a  line  drawn  from  the  top  of 
the  perpendicular  ftile  to  the  center  of  the  dial, 
will  reprefent  the  earth’s  axis,  and  be  the  ftile  or 
gnomon. 

In  thefe  conftruCtions,  the  ftile  is  all  along  fup- 
pofed  to  be  a  perpendicular  pin  ;  which  afterwards 
is  eafiiy  changed  into  a  triangular  form,  by  draw¬ 
ing  a  line  from  the  top  of  it,  to  the  center  of  the 
dial. 
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Fig.  '  •  . 
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\ 

To  draw  an  equinoctial  dial ,  or  an  horizontal  dial 

under  the  poles. 

25.  Since  the  ftile  here  mufl:  be  a  perpendicular  pin; 
from  C  the  center  of  the  dial,  aflumed  about  the 
middle  of  the  plane,  defcribe  the  fmall  circle  ahdy 
of  the  fame  diameter  as  the  pin,  which  mufl:  be 
cylindrical ;  and  that  circle  is  to  be  the  foot  of  the 
ftile.  Alfo  from  the  fame  center  C,  defcribe  ano¬ 
ther  circle  1,  2,  3,  &c.  Draw  Co  for  the  meridian, 
and  parallel  thereto,  draw  12  a  for  the  1 2  o’clock 
line,  touching  the  circle  ahd  in  a.  Then  divide 
the  outer  circle  into  24  equal  parts,  beginning  at 
12  ;  and  to  the  points  of  divifion,  1,  2,  3,  &c. 
draw  the  hour  lines,  to  touch  the  inner  circle  to¬ 
wards  the  fame  hand  as  12^  was  drawn.  Then 
mark  the  hour  lines  with  1,  2,  3,  4,  &c.  on  the 
right  hand,  and  1 1,  10,  9,  &c.  on  the  left  hand  ; 
and  draw  another  circle  including  the  whole. 

Upon  the  circle  ahd  ere<5t  the  pin  or  ftile,  which 
mufl:  be  perpendicular  to  the  dial  plane,  and  of  any 
length.  Then  this  will  fliew  the  hour,  by  the  fha- 
dow  on  the  left  fide. 

To  fet  up  this  dial  in  any  other  latitude,  it  mufl 
be  placed  with  the  6  o’clock  hour  line  horizontal, 
the  12  o’clock  line  pointing  to  the  north,  and  the 
fouth  edge  S  raifed  above  the  horizon,  to  make  an 
angle  with  it  equal  to  the  complement  of  the  lati¬ 
tude,  or  the  height  of  the  equinohlial ;  and  then 
the  plane  of  the  dial  will  be  parallel  to  the  equi¬ 
noctial,  as  it  ought  to  be. 

If  you  draw  the  hour  lines  from  the  center  C, 
the  pin  mufl  diminifh  to  a  point  at  the  top.  And 
the  divifion  of  the  hours  mull  then  begin  at  O  ; 
and  the  fhade  of  the  top  will  fhew  the  hour  of  the 
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day*  among  the  hour  lines.  In  this  dial  you  need  Fig. 
draw  no  more  hour  lines,  than  the  fun  fhines  on  in  25, 
fummer,  if  the  dial  is  drawn  on  the  north  fide. 

But  if  it  is  drawn  on  the  fouth  fide,  you  need  but 
draw  1 2  hours,  which  is  the  longed;  that  the  fun 
can  fhine  upon  it. 

If  you  have  a  mind  to  note  the  half  hours  and 
quarters,  you  mud;  divide  each  hour,  12  1,  12, 

23,  &c.  into  two  equal  parts  for  half  hours,  or 
into  four  equal  parts  for  quarters. 

P  R  G  B.  VI. 

To  draw-  a  horizontal  dial  under  the  equinoctial. 

1.  Geometrically. 

Draw  two  parallel  lines  upon  your  plane,  AB  2  6, 
and  DE,  at  a  convenient  didance,  for  infcribing  the 
hour  lines  *,  make  MCF  perpendicular  thereto. 

Take  CF  for  the  height  of  the  ftile,  and  Cc  for  the 
thicknefs  thereof ;  and  draw  ncf  parallel  to  MCF. 

With  the  center  F,  defcribe  the  quadrant  CH  ;  and 
with  the  center /,  the  quadrant  cG.  Divide  each 
quadrant  into  fix  equal  parts  at  n ,  tz,  See,  and 
draw  lines  from  the  refpedive  centers  thro5  all  the 
points  of  divifion,  to  interfed  the  line  DE  in  the 
points  i,  2,  3,  &c.  Then  thro’  thefe  points  1,  2, 

3,  ii,  10,  9,  See.  draw  lines  parallel  to  MC  or 
me,  and  thefe  will  be  the  hour  lines  of  the  dial. 

If  you  divide  each  hour  nn9  nn,  Sec.  into  two 
or  four  equal  parts ;  and  draw  lines  thro’  thefe 
points  from  the  two  centers,  to  interfed  DE  as 
before,  then  thefe  interfedions  will  fhew  the  half 
hours  or  quarters. 

Make  MK  za  CF,  then  will  MK3C  be  the  fi¬ 
gure  of  the  ftile,  and  Cc  or  Nlm  its  thicknefs ; 
which  ftile  mud  be  ereded  upon  the  bafe  CM wc, 
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Fig.  perpendicular  to  the  plane  of  the  dial;  and  the 
2 6.  Shadow  of  the  top  will  ftiew  the  hour  of  the  day. 

If  inftead  of  leaving  a  fpace  Cc  for  the  ftile, 
you  defcribe  a  femicircle  round  F,  and  divide  all 
from  the  center  F  •,  then  fince  C  and  c  coincide, 
your  ftile  muft  be  exceeding  thin,  or  at  leaft  it 
muft  be  brought  to  an  edge  at  the  top.  This  is 
the  readieft  way,  but  then  your  dial  will  not  be  fo 
exadl  in  the  middle  of  the  day. 

Or  inftead  of  plate  for  the  ftile,  it  may  be  an 
iron  pin,  erected  perpendicular  upon  any  point  of 
CM,  and  its  height  muft  be  equal  to  CF. 

Or  you  may  have  a  plate  of  any  height  for  the 
ftile,  with  a  fmall  hole  made  thro’  it  at  the  height 
of  CF,  for  the  fun  to  fhine  through  among  the 
hour  lines. 

The  hours  muft  be  numbered  on  the  weft  fide 
ii,  io,  9,  8,  &c.  and  on  the  eaft  fide  i,  2,  3, 
4,  &c. 

This  dial  is  to  be  placed  fo,  as  its  plane  may 
be  parallel  to  the  horizon,  and  DE  pointing  eaft 
and  weft,  or  CM  north  and  fouth.  Or  to  fix  it  in 
any  other  latitude,  the  north  fide  at  M  muft  be 
railed  to  make  an  angle  above  the  horizon  equal  to 
the  latitude  of  the  place  and  CM  pointing  to  the 
north. 

2.  By  Calculation . 

As  radius  : 

Stile's  height  CF  :  : 

So  tan.  hour  arch  ( 150)  : 

Difiance  of  the  hour  from  MC  (Cj). 

So  tan .  3od  : 

j Difiance  C2,  &c. 

Then  the  diftances  Cr,  C2,  C3,  &c.  fet  off 
from  C  to  i,  2,  3,  &c.  gives  the  points  thro* 
which  the  afternoon  hours  are  to  pafs ;  and  the 
fame  fet  off  from  c  to  11,  10,  9,  &c.  give  the 
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points  where  the  forenoon  hours  are  to  pafs.Fig. 
Therefore  lines  drawn  thro’  all  thefe  points  parallel  26. 
to  MC  will  be  the  hour  lines. 

If  you  would  calculate  for  the  half  hours  and 
quarters,  you  mu  ft  fay,  as  rad  :  ftile’s  height 
CF  :  :  fo  tan.  30  45'  :*  to  the  diltance  from  C,  on 
the  line  CE  for  a  quarter :  :  and  fo  tan.  70  301  : 
diftance  for  half  an  hour  :  :  and  fo  tan.  1 1°  15"  : 
diftance  for  three  quarters  :  :  tan.  180  45'  :  dif¬ 
tance  for  an  hour  and  a  quarter,  and  fo  on. 

3.  By  the  Scale. 

Having  drawn  the  meridian  CM,  and  cm  paral¬ 
lel  to  it  at  a  diftance  equal  to  the  thick nefs  of  the 
ftile  ;  from  either  polar  line,  which  fuits  beft,  take 
the  extent  from  the  beginning  of  the  line  to  I  the 
firft  hour,  and  fet  from  C  to  1,  and  from  C  to  1 1 
on  the  line  DE  *,  then  take  the  extent  from  the  be¬ 
ginning,  to  II,  the  fecond  hour,  and  fet  it  from 
C  to  2,  and  from  c  to  10 ;  likewife  take  the  ex¬ 
tent  to  III,  the  third  hour,  and  fet  from  C  and  c 
to  3  and  9.  Do  the  like  with  the  reft  of  the  hours. 

Then  lines  drawn  thro’  thefe  points  1,  2,  3,  11, 

10,  &c.  parallel  to  CM,  will  be  the  hour  lines  of 
the  dial.  And  the  extent  to  III,  or  C3>  is  the 
height  of  the  ftile. 

If  you  would  have  the  hour  lines  of  7  in  the 
morning,  and  5  at  night  to  come  in  ^  you  muft 
find  the  height  of  your  ftile  for  that  purpofe,  thus. 

5  hours  ~75°.  Then  fay,  as  Radius  :  CE  :  :  Co¬ 
tan  750  :  CF  the  height  of  the  ftile  j  and  to  this 
height  the  dial  muft  be  made. 
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Fig. 

P  R  O  B.  VII. 

To  draw  a  horizontal  dial  for  any  latitude . 

].  Geometrically. 

2*7.  Take  any  convenient  point  P  for  the  center  of 
your  dial,  thro5  P  draw  the  meridian  DE  ;  at  P 
make  the  angle  DPR  equal  to  the  latitude.  Draw 
a  line  parallel  to  DE,  at  a  diftance  equal  to  the 
perpendicular  height  of  the  ftile,  to  cut  PR  in  F. 
Otherwife  take  any  point  F  you  pleafe  in  the  line 
PR,  and  draw  FC  perpendicular  to  DE,  then  FC 
is  the  height,  and  C  the  foot  of  the  ftile.  Draw 
FG  perpendicular  to  FP.  Thro5  G  draw  the  con¬ 
tingent  line  AGB  perpendicular  to  DE,  which 
here  reprefents  the  equino&ial.  Let  Gg  be  the 
thicknefs  of  the  flile,  and  draw  dge  parallel  to 
DGE. 

Or  you  may  proceed  thus,  having  made  the  an¬ 
gle  DPR  equal  to  the  latitude,  take  any  point  G  at 
pleafure,  thro5  which  draw  the  contingent  line  AGB, 
perpendicular  to  DE.  From  G  take  GF,  the 
neareft  diftance  to  PR,  and  fet  from  G  to  D,  and 
from  g  to  d  ^  and  from  the  centers  G  and  g ,  with 
any  radius,  deicribe  two  quadrants,  which  divide 
into  fix  equal  parts,  or  hours,  beginning  at  G  and 
g.  And  thro5  the  points  of  divifion,  draw  lines 
from  the  centers  D  and  d  to  interfecft  AB  in  the 
hour  pointS,  w,  m\  /•/,  n->  &c.  7'hen  from  the  cen¬ 
ters  P  and  f>,  draw  lines  thro5  the  points  w,  #,  &c. 
as  Fm,  Pm  ;  and  Pn,  Pn,  &c.  and  thefe  will  be 
the  hour  lines.  The  6  o’clock  hour  lines  tnuft  be 
drawn  parallel  to  AB  ;  and  the  hours  before  and 
after  fix,  are  had  by  producing  the  oppofite  hour 
lines  thro5  the  center. 

Then  PFC  will  be  the  form  of  the  ftile,  which 
may  be  made  longer  or  fhorter  by  producing  PF. 

And 
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And  the  ftile  is  to  be  placed  perpendicular  upon  Fig, 
the  plane  of  the  dial-,  that  is,  one  fide  upon  the  27, 
fubftile  PG,  and  the  other  upon  the  fubftile  pg  *, 
each  fide  of  the  flile  being  perpendicular  upon 
the  fubftile  for  the  plane  of  the  flile  ought  al¬ 
ways  to  be  fet  perpendicular  on  the  fubftile,  in 
any  dial.  And  then  the  top  edge  will  fhew  the 
hour. 

If  you  allow  no  fpace  Gg  or  P p  for  the  thick- 
nefs  of  the  ftile,  it  muft  be  made  exceeding  thin 
to  take  up  no  room  ;  or  elfe  it  muft  be  made 
fharp  on  the  upper  edge.  And  that  edge  muft 
tend  direflly  to  the  center. 

Inftead  of  the  triangular  gnomon  PFC,  you 
may  have  a  perpendicular  pin  FC,  and  then  the 
fhadow  of  the  top  F,  will  fhew  the  hour.  But  the 
other  is  better,  becaufe  fome  part  of  the  fhadow 
will  always  be  upon  the  dial  ^  but  the  fhadow  of 
the  top  F,  foon  goes  off. 

You  may  alfo  have  the  ftile  to  be  a  plate  of  any 
form,  with  a  hole  in  it  for  the  fun  to  fhine  through  ; 
which  hole  muft  be  at  the  height  CF,  perpendicu¬ 
larly  over  C. 

If  you  would  have  the  half  hours  and  quarters  ; 
you  muft  divide  every  hour  in  the  quadrant  into 
two  or  four  parts,  and  draw  lines  from  the  cen¬ 
ters  D,  dy  as  before,  to  interfefl  AB,  and  thro’ 
thefe  points  of  interfeflion,  draw  lines  from  the 
center  of  the  dial,  which  will  give  thefe  halves  or 
quarters.  But  the  quarters  may  be  had  near  e- 
nough,  by  dividing  each  half  hour  into  two  equal 
parts. 

And  to  fave  labour,  after  you  have  drawn  all 
the  hour  lines  on  one  fide  of  the  dial,  or  for  one 
half  of  the  day  *,  you  may  transfer  them  to  the 
other  fide,  for  the  other  half  of  the  day. 

As  to  numbering  the  hours,  thofe  on  the  eaft 
fide  muft  be  numbered  i,  2,  3,  &c.  from  PD  or 
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1 2  for  the  afternoon  hours.  And  thofe  on  the 
weft  fide  11,  io,  9,  &c.  which  are  the  forenoon 
hours.  And  the  figures  are  moft  commodioufiy 
placed  with  their  tops  towards  the  center ;  becaufe 
we  ftand  oppofite  to  the  fun,  to  fee  the  hour. 

A  horizontal  dial  is  the  only  one,  that  Ihews  the 
hours  quite  thro*  the  day,  at  all  feafons  of  the 
year.  For  if  the  fun  is  up,  or  above  the  horizon, 
he  mu  ft  needs  Ihine  upon  a  horizontal  plane,  if 
nothing  ftands  in  the  way. 

The  outlide  of  the  dial  terminating  the  hour 
lines,  may  be  round  or  fquare  or  of  any  form  you 
will,  for  it  makes  no  difference  whether  the  hour 
lines  be  long  or  Ihort. 

2.  By  Calculation . 

As  radius  : 

Sin.  latitude :  : 

T an.  hour  arch  : 

'Tan .  hour  angle . 

The  hour  arches  are  1 5%  30%  450,  60° ,  75°,  90®  % 
and  if  the  quarters  are  taken  in,  they  are  30  45', : 
70  30',  ii°  15,  1 50  o' ;  180  45',  &c.  Suppofe 
the  latitude  54-i;  then  the  hour  angles,  found  by 
the  foregoing  rule,  for  every  half  hour,  will  be  as 
in  the  following  table. 


A  Table 
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A  Table  of  the  hour  arches  and  hour  angles. 


Hours. 

hour 

arches. 

hour 

angles. 

XII 

o° 

o1 

0 

o; 

Ilf  I 

2f 

7 

3° 

6 

7 

XI 

1 

1 5 

O 

12 

18 

I  of 

if 

22 

30 

18 

38 

X 

11 

30 

O 

25 

10 

9f 

2-f- 

37 

3°  . 

32 

00 

IX 

ill 

45 

O 

39 

9 

8f 

3f 

52 

3° 

46 

42 

VIII 

IV 

60 

0 

54 

39 

7i 

4f 

67 

30 

63 

02 

VII 

V 

75 

0 

71 

47 

6f 

5i 

82 

30 

80 

49 

-H 

> 

90 

0 

90 

00 

75 

Fig. 

27. 


ConflruMion. 

Take  any  point  P  for  the  center,  and  draw  PD 
for  the  meridian.  Take  Pp  =z  thicknefs  of  the 
ftile,  and  draw  pd  parallel  to  PD.  Make  the  an¬ 
gles  DP  Xi,  and  dPi  ~  120  i87.  The  angles 
DPX  and  dp\\  zz  25  10.  And  fo  of  the  reft,  as 
you  find  them  in  the  table.  6 

Laftly,  make  the  angle  DPR  zz  the  latitude,  for 
the  ftile. 

3.  By  the  Scale . 


Afiume  any  convenient  point  P  for  the  center 
of  the  dial,  thro5  which  draw  the  line  VI  P  VI 
for  the  fix  a  clock  hour  lines.  Make  P/>  the 
thicknefs  of  the  ftile;  and  thro’  P  and  p  draw 
the  lines  PD,  pd  perpendicular  to  VI  VI,  for  the 
meridian  or  12  a  clock  line.  Then  on  the  line  of 
latitudes  on  the  fcale,  fetting  one  foot  at  the  be¬ 
ginning. 
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Fig.  ginning,  extend  the  other  to  the  latitude  of  the 
27.  place  j  and  fet  that  extent  from  P  to  b  and  from  p 
to  <$?,  in  the  fix  o’clock  line.  Then  take  in  your 
compares  the  whole  length  of  the  line  of  hours, 
and  fetting  one  foot  in  b ,  with,  the  other  cut  the 
meridian  PD  in  O  ;  likewife  fet  one  foot  in  d ,  and 
with  the  other  cut  the  meridian  pd  in  0  \  and  draw 
the  lines  £0,  do.  Then  extend  your  compares 
from  the  beginning  of  the  line  of  hours  to  I  (or 
1 50),  and  fet  that  extent  from  O  to  xi,  and  from 
0  to  1  ;  and  if  you  will,  from  b  to  7,  and  from  d 
to  5  ;  in  the  lines  bO ,  do. 

Again  extend  from  the  beginning,  to  II  (or 
300) ;  and  fet  it  from  O  to  10,  and  from  0  to  2  ; 
and  alfo  (if  you  pleafej  from  b  to  8,  and  from  d 
to  4.  Likewife  take  the  extent  to  III  (or  45°^), 
and  fet  from  O  to  9,  and  from  a  to  3,  After  this 
manner  go  thro5  all  the  hours.  Then  lines  drawn 
from  P,  thro5  the  points  7,  8,  9,  xo,  11,  give 
the  forenoon  hours.  And  lines  drawn  fromp,  thro* 
1,  2,  3,  4,  5,  will  be  the  afternoon  hour  lines. 
The  hour  lines  before  and  after  6,  are  had  by  pro¬ 
ducing  the  reft  thro’  the  center. 

If  you  would  have  the  half  hours  and  quarters 
fet  off  by  the  fcale ;  you  muft  extend  to  thefe  half 
hours  and  quarters  on  the  line  of  hours,  and  fet 
them  on  the  lines  Ob  and  od ,  as  you  did  for  the 
whole  hours. 

The  ft  He  DPR  muft  be  raifed  at  right  angles, 
to  the  dial,  upon  the  fubftile  which  here  is  the  ipace 
PO op  ;  and  muft  make  an  angle  with  the  fubftile 
equal  to  the  latitude,  as  was  laid  before. 

There  is  alfo  a  way  to  conftrudt  dials,  by  the 
help  of  dialling  tables,  fitted  to  a  certain  latitude  \ 
which  you  may  fee  in  fome  books  of  dialling. 


Scholium. 


I 


Sea.  II.  DIALLING. 


Scholium. 


It  may  be  obferved  here,  that  if  a  horizontal 
dial  be  made  for  a  place  in  the  torrid  zone,  to 
fhew  the  hour  by  the  top  of  the  perpendicular  ftile 
CF.  And  when  the  fun  is  in  the  neared  tropic,  or 
between  the  parallel  of  the  place  and  that  tropic 
ADL*,  the  (hadow  of  the  ftile  CF,  upon  the  dial 
NAdgl,  will  go  back  twice  in  the  day  ;  once  in 
the  forenoon,  and  once  in  the  afternoon.  For 
whilft  the  fun  in  the  tropic,  or  parallel  circle,  moves 
thro’  AGBD1KL,  the  fhadow  will  move  thro5 
agadklk ,  and  then  lets ;  fo  that  he  goes  back  thro5 
ag ,  and  thro’  kl. 

In  this  cafe  the  fun  is  twice  upon  one  azimuth 
in  the  morning,  and  twice  in  the  evening ;  and  then 
the  lhadow  falls  twice  upon  one  line.  And  the  arch 
ag  or  kl  may  be  found,  by  calculating  the  fun's 
azimuth  at  A  and  G,  by  right  angled  fpherical  tri¬ 
angles. 

The  like  happens  to  any  ftar  here,  whofe  decli¬ 
nation  is  greater  than  our  latitude.  For  fuch  a  (far 
will  be  twice  upon  one  azimuth  in  the  eaftern  part 
of  its  orbit,  and  twice  in  the  weflern  part.  In 
great  latitudes  fuch  a  ftar  never  fets  ^  but  in  its  re¬ 
volution,  whilft  it  is  afcendingin  the  eaft,  it  moves 
towards  the  fouth,  till  fuch  time  as  it  rifes  per¬ 
pendicularly,  and  then  its  azimuth  is  the  greateft. 
Then  it  returns  again  towards  the  north  j  fo  that 
it  never  nets  to  the  fouth  of  us. 


P  R  O  B.  VIII. 


To  draw  an  ere  El  direEI  Jouth  dial. 


i.  Geometrically. 

Take  a  convenient  point  C  for  the  foot  of  the  2S. 
ftile,  thro5  which  draw  the  meridian  CDF.  Raile 


CF 
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Fig.  CF  perpendicular  to  CE,  and  equal  to  the  perpen- 
28.  dicular  height  of  the  ftile.  Make  the  angle  CFP 
upwards  equal  to  the  latitude  of  the  place,  to  in¬ 
terred  the  meridian  in  P,  then  is  P  the  center  of 
the  dial.  Draw  FG  perpendicular  to  FP,  and  AGB 
perp.  to  PG. 

Or  proceed  thus,  take  the  point  P  near  the  top 
of  the  plane,  for  the  center  of  the  dial ;  thro5  P 
draw  the  meridian  PE  ;  at  P  make  the  angle  EPR 
equal  to  the  complement  of  the  latitude.  Take 
any  point  G  in  the  line  PE,  and  draw  GF  per¬ 
pendicular  to  PR  ;  or  take  the  neareft  diftance  from 
G  to  the  line  PR  ;  thro’  G  draw  the  contingent 
line  AB,  perpendicular  to  PE,  reprefenting  here 
the  equinoctial. 

Take  Gg  equal  to  the  thicknefs  of  the  ftile,  and 
draw  pgq  parallel  to  PGE.  Make  GD  and  gq  zz 
GF,  and  from  the  centers  D  and  with  any  ra¬ 
dius,  defcribe  two  quadrants  LG,  M^.  Divide 
each  quadrant  into  fix  equal  parts  or  hours,  each 
1 50,  beginning  at  G  and^.  From  the  centers  D, 
y,  draw  lines  thro5  the  points  of  divifion,  to  cut 
AB  in  the  hour  points  m9  m  \  and  n7  n,  &c.  Then 
lines  drawn  from  the  centers  P  and  />,  thro’  all  the 
points  m9  n7  &c.  will  be  the  hour  lines.  The 
half  hours,  &c.  are  drawn  the  fame  way. 

And  the  perpendicular  pin  FC  will  be  the  (tile, 
or  which  is  better,  the  triangle  RPG  ;  which  muft 
be  fet  perpendicular  upon  the  hour  lines  of  12, 
PG  and  pg  *,  the  ftile  PR  pointing  downwards  to¬ 
wards  the  fouth  pole. 

Note,  all  the  lines  except  the  hour  lines,  fhould 
be  obfcure  lines,  or  fuch  as  may  be  rubbed  out. 

When  the  lines  do  not  interfed  within  the  plane, 
as  at  the  firft  divifion  towards  L  and  M.  Take 
half  the  line  qg  in  your  compafles,  and  running  one 
foot  along  the  line  gB,  till  the  other  foot  fall  upon 
the  line  qc  at  r,  (keeping  the  feet  of  the  compafles 
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in  a  parallel  pofition),  thro’  c  draw  cha  parallel  toFig. 
pq  ;  and  fet  off  ha  zz  half  gp  ;  then  draw  pa  for  the  28, 
hour  line. 

Set  the  forenoon  hours  on  the  left  hand  and  the 
afternoon  hours  on  the  right,  with  the  tops  of  the 
figures  upwards,  in  which  pofition  only,  they  can 
be  read. 

2,  By  Calculation , 

As  radius : 

Cof.  latitude  :  : 

Tan,  hour  arch  : 

Tan .  hour  angle. 

Here  the  height  of  the  pole  above  the  plane  is 
the  complement  of  the  latitude.  Here  as  in  the 
lad  Prob.  the  hour  arches  are  1 50,  30°,  450,  &c. 
for  whole  hours;  and  30  45',  J°  30',  n°  15^  18* 

45',  &:c.  for  quarters.  Then  having  found  the 
hour  angles,  by  the  foregoing  rule,  put  them  or¬ 
derly  in  a  table,  as  in  the  laft  Prob.  which  for  the 
lat.  544-  will  be  as  follows,  for  whole  hours. 


A  Table  of  hour  arches  and  angles. 


Hours. 

hour 

arches. 

hour 

angles. 

XII 

o° 

o1 

o° 

o1 

XI 

I 

15 

0 

8 

51 

X 

II 

3° 

0 

18 

32 

IX 

III 

45 

0 

30 

9 

VIII 

IV 

60 

0 

45 

10 

VII 

V 

75 

0 

65 

14 

VI 

90 

0 

90 

0 

Conflr  nation. 

Take  any  point  P  near  the  top  of  the  plane,  for 
the  center  of  the  dial ;  draw  the  meridian  or  1 2 

o'clock 
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f  . 

Fig.  o’clock  line  PE,  and  pe  parallel  to  it,  at  a  diftante 
28.  equal  to  the  thicknefs  of  the  ftile.  Then  with  ex¬ 
tent  of  60  from  a  line  of  chords,  defcribe  two 
quadrants,  from  the  centers  F  and  p.  Then  fet 
off  the  feveral  hour  angles  as  you  find  them  in  the 
table,  both  ways  from  the  lines  PE  and  pe ,  upon 
thefe  quadrants.  And  thro’  the  points,  draw  lines* 
from  the  centers  P,  p\  for  the  hour  lines.  Thus 
EPXI,  and  ep\  is  the  firft  hour  angle.  EPX,  and 
epll  the  fecond  hour  angle,  &c. 

Laftly,  make  the  angle  EPR  zz  complement  of 
the  latitude,  for  the  flile,  to  be  fet  upright  upon 
the  hour  of  12. 

3.  By  the  Scale . 

Take  the  point  P  near  the  top  of  the  plane  for 
the  center,  and  draw  the  meridian  PE,  and  pe  pa¬ 
rallel  to  it,  at  a  diflance  equal  to  the  thicknefs  of 
the  (file  *,  and  thro7  P  draw  the  6  o’clock  lines  per¬ 
pendicular  to  PE.  Then  from  the  line  of  lati¬ 
tudes  on  the  fcale,  take  off  the  extent  from  the 
beginning  to  the  complement  of  latitude,  and  fet 
that  extent  from  P  to  h ,  and  from  p  to  d.  Then 
take  the  whole  length  of  the  line  of  hours,  or  in- 
.  clination  of  meridians  ;  and  fetting  one  foot  in  b} 
crols  the  meridian  with  the  other  foot  at  O.  Like- 
wife  with  one  foot  tn  J,  crofs  the  line  pe  in  0  *,  and 
draw  ^O,  do.  Then  take  the  extent  from  the  be¬ 
ginning,  to  I,  II,  III,  &c.  hours  for  to  150,  30°, 
45°,  &c.)  and  fet  from  O  to  1 1,  10,  9,  &c.  and 
from  0  t o  j,  2,  3,  &c.  refpe&ively.  Then  draw 
lines  from  P  thro7  all  the  points  11,  io,  9,  &c, 
and  from  p  thro’  1,  2,  3,  &c.  and  thde  will  be  the 
hour  lines  of  the  dial.  The  forenoon  hours  are  to 
be  numbered  towards  the  w^eft  and  the  afternoon 
hours  towards  the  eafL  Then  make  the  angle 
EPF  equal  to  the  complement  of  the  latitude,  for 
the  line. 
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P  R  O  B.  IX. 

T o  draw  a  direct  north  Dial , 

1.  Geometrically . 

Draw  a  dired  fouth  dial  for  the  fame  latitude^ 
and  turn  it  upfide  down,  and  letting  its  face  north¬ 
ward,  it  will  be  a  direct  north  dial  *,  and  the  ftile 
will  point  upwards  towards  the  north  pole.  But 
the  hours  mult  be  numbered  the  contrary  way  from 
the  fubftile ;  thole  to  weft,  are  the  morning  hours, 
and  thole  to  the  eaft,  the  evening  hours.  And  the 
midnight  hours  muft  be  left  out,  becaufe  the  fun 
fhines  not  then  j  and  the  hour  lines  of  y  and  8 
in  the  morning,  and  4  and  5  at  night  muft  be 
drawn  thro5  the  center,  as  in  the  horizontal  diah 
It  is  evident  the  fun  never  ftiines  upon  this  dial, 
but  only  in  the  fummer  half  year. 

2.  By  Calculation . 

As  radius  : 

Cof  latitude  :  : 

Tan.  hour  arch  : 

Tan.  hour  angle . 

The  fame  as  for  a  dired  fouth  dial.  And  the 
conftrudion  the  lame. 

■t 

3.  By  the  Scale . 

Here  the*  center  H  muft  be  taken  near  the  mid¬ 
dle  of  the  plane.  And  all  the  reft  of  the  work 
muft  be  done,  as  in  the  fouth  dial.  Only  the  hour 
lines  after  fix  in  the  morning,  and  before  fix  in  the 
evening,  are  had  by  producing  the  oppofite  ones 
thro5  the  center. 

You  may  if  you  pleafe,  make  a  horizontal  dial 
for  the  complement  of  the  latitude  *,  and  turn  the 
north  end  up,  and  fet  it  to  face  the  north,  and  it 

G  will 
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Fig.  will  be  a  true  north  dial.  And  the  hour  lines  will 
28.  be  rightly  numbered  but  the  mid-day  hours  mult 
be  left  out,  which  now  become  the  midnight  hours. 

A  direct  north  dial  is  only  the  back  fide  of  a 
fouth  direct  one  *,  for  both  dials  lie  in  the  prime 
vertical  the  meridian  in  the  fouth  dial  is  the  hour 
line  for  1 2  at  noon  *,  but  the  fame  meridian  con¬ 
tinued  thro’  the  plane,  is  the  hour  line  for  12  at 
night,  in  the  north  dial.  And  all  the  hour  lines  in 
the  fouth  dial  being  produced  thro5  the  plane,  will 
be  the  hour  lines  in  the  north  dial,  for  then  the 
fun  is  in  the  oppofite  part  of  the  meridian.  And 
the  ftile  of  the  fouth  dial  continued  thro’  the  plane* 
will  be  the  ftile  of  the  north  dial. 

P  R  O  B.  X. 

To  draw  a?i  ere  ft  dir  eft  eafi  Dial . 

1.  Geometrically. 

29-  Draw  the  horizontal  line  AB,  and  in  AB  take 
a  point  Q,  on  the  left  hand.  Thro*  Q  draw  the 
contingent  line  EQ,  making  an  angle  with  AB,  as 
AQE,  equal  to  the  complement  of  the  latitude. 
Thro5  any  point  E  of  the  line  EQ,  draw  FEG  per¬ 
pendicular  to  EQ,  for  the  fix  o’clock  hour  line, 
and  the  fubftile. 

Take  any  length  Ep  for  the  height  of  the  ftile, 
and  with  the  center  F,  taken  in  the  line  FG,  and 
any  radius,  defcribe  the  femicircle  LEM.  Divide 
each  quadrant  EL,  EM  into  fix  equal  parts  for 
hours,  beginning  at  E.  Thro5  thefe  points  draw 
lines  from  the  center  F,  to  cut  the  line  EQ_(which 
reprefents  the  equinoctial)  in  the  hour  points 
7 u  &c. 

Thro5  the  points  &c.  draw  lines  parallel 

to  GEF,  and  thefe  will  be  the  hour  lines. 
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On  GF  raife  the  perpendicular  plane  GHMR,Fig* 
whofe  height  RM  or  GH  is  equal  to  EF  ;  and  that  2  9* 
plane,  which  is  a  parallelogram,  will  be  the  File, 
which  muft  be  made  very  thin  on  the  top  HM. 

Or  you  may  have  a  perpendicular  pin  fixt  at  E, 
whofe  height  is  EF,  for  the  ftile. 

But  it  is  better  to  leave  a  fpace  at  EG  equal  to 
the  thicknefs  of  the  gnomon  ;  and  defcribe  two 
quadrants  LEF,  MEF,  from  two  centers,  and  fo 
find  the  hour  lines  on  each  fide,  feverally  by  thefe- 
centers,  as  was  done  in  the  former  Problems.  And 
then  the  ftile  muft  be  of  a  thicknefs  equal  to  that 
fpace.  . 

Then  the  hours  muft  be  marked  towards  the 
fouth,  5,  4,  3,  leaving  out  the  hours  before  fun 
rife;  and  towards  the  north  7,  8,  9,  io,  11  ;  the 
fubftile  being  6. 

If  you  would  have  half  hours  and  quarters,  di¬ 
vide  each  hour  of  the  femicircle  into  two  or  four 
parts,  and  proceed  as  in  the  whole  hours. 

If  you  would  have  your  dial  to  take  in  1 1  o’clock* 
you  muft  find  the  ftile’s  height  to  anfwer  that,  af¬ 
ter  this  manner.  If  1 1  be  the  point  for  1 1  o’clock, 
draw  1 1  F  to  make  an  angle  of  1 50  with  1 1  E, 
and  to  interfefl  FEG  in  F.  Then  EF  is  the  height 
of  the  ftile. 

2.  By  Calculation . 

Radius  : 

Height  of  the  ftile  EF  in  inches  :  : 

Id  an.  hour  arch  from  6  : 

I) i fiance  from  EG  the  6  o’clock  line . 

Thefe  diftances  being  found  for  all  the  hours, 
muft  be  put  regularly  in  a  table.  But  if  you  would 
have  1 1  o’clock  juft  to  come  in,  you  muft  f  nd  the 
height  of  the  ftile  by  this  proportion  ;  as  radius  : 
length  ii  E  :  :  tan.  150  :  FE,  the  height  of  the 
ftile.  Suppofe  FE  to  be  3  inches,  then  the  hour 
diftances  from  E,  will  be  as  in  the  following  table. 

G  2  Flours 


/ 
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Hours. 

diftances. 

in 

mi 
t  V 

Subft.  VI 
'  VII 

VIII 

-„n.t 

IX 

onw  bxiA^ 

XI 

' — - - — - 

3.00 

1-73 

0.80 

0. 

0.80 

I*73 

3- 00 
5.20 

1 1.20 

a.rfo  bn  A; 
vig  pmif 
At noqo 


Conftruttion . 

Make  the  angle  AQE  equal  to  the  complement 
of  the  latitude,  AB  being  parallel  to  the  horizon. 
Draw  the  6  o’clock  line  EG  perp.  to  QE.  Then 
fet  off  the  feveral  diftances  from  E  as  in  the  table ; 
that  is,  make  E  5  and  Ey  zz  0.80 ;  E4  and  E8  zz 

I. 73  ;  E3  and  E9  zz  3  •,  Eio  zz  5.20  ;  and  Ei  1  zz 

II. 20  •,  and  thro’  the  points  7,  8,  9,  &c.  draw  the 
hour  lines  parallel  to  EG.  Laftly,  make  RM  the 
height  of  the  fti'le  zz  E9  zz  3. 


3.  By  the  Scale . 

Having  drawn  the  horizontal  line  ABQ,  and  QE 
making  an  angle, with  it  of  the  complement  of  the 
latitude;  near  the  top,  draw  EG  perpendicular  to 
EQ  for  the  fubftile  and  6  o’clock  line.  Then  in 
either  of  the  polar  lines,  fet  one  foot  of  the  com¬ 
pares  at  the  beginning,  and  extend  the  other  to  I, 
let  that  extent  from  E  to  5,  and  from  E  to  7,  on 
the  line  EQ^  Then  extend  from  the  beginning  to 
JI,  and  fet  it  from  E  to  4,  and  from  E  to  8.  In 
like  manner  extend  from  the  beginning  to  III,  IV 
and  V  ;  and  fet  thefe  exten ts,  from  E  (to  3  and) 
9,  10,  ii,  refpeflively.  Then  thro’  all  thefe 

points  draw  lines  parallel  to  EG,  for  the  hour  lines. 

And 
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And  the  diftance  from  the  beginning  to  III  on  theFig. 
line,  gives  the  height  of  the  ftile ;  to  be  fet  pcrp.  29. 
upon  the  hour  line  of  fix. 

PROS.  XI. 

T 0  make  an  ereft  dir  eft  weft  Dial. 

This  dial  is  made  by  the  fame  rules  as  the  eaft 
dial,  only  changing  the  pofition  of  it.  For  in  a 
weft  dial,  the  point  and  angle  AQE  muft  be 
taken  on  the  left  hand.  And  when  the  hour  lines 
are  drawn,  they  muft  be  numbered  the  contrary 
way.  The  hours  from  the  fubftile  or  6  o’clock, 
muft  be  numbered  towards  the  fouth  7,  8,  9  •,  and 
from  the  fubftile  towards  the  north,  5,  4,  3,  2,  1. 

If  you  look  at  the  back  fide  of  the  paper,  turning 
it  to  the  light  *,  you  will  fee  the  true  figure  of  a  weft 
dial  thro’ the  paper.  Therefore  if  all  the  lines  in 
an  eaft  dial  were  to  pafs  thro*  the  plane,  they  will 
make  a  weft  dial,  on  the  back  fide  of  it. 

PROS.  XII. 

"To  draw  a  fouth  ere  ft  declining  Dial . 

Example  1. 

Suppofe  a  dial  declines  weft  36  degrees ,  in  the  lat . 

54i- 

1.  Geometrically. 

Take  the  point  C  about  the  middle  of  the  plane  3*1 
for  the  foot  of  the  ftile,  thro’  which  draw  the  ho¬ 
rizontal  line  AB,  and  CF  perpendicular  to  it,  and 
equal  to  the  perpendicular  height  of  the  ftile. 

Make  the  angle  CFZ  equal  to  the  declination 
(36°),  to  the  right  hand  if  it  decline  eaft;  or  to 
the  left,  if  weft ;  to  cut  the  horizontal  line  in  Z. 

Thro5  Z  draw  PZE  perpendicular  to  AB,  for 
the  meridian. 
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Fig.  Take  ZF  and  fet  it  from  Z  to  X,  in  the  line  AB. 

30.  Make  the  angle  ZXF  equal  to  the  latitude  (547), 
to  cut  the  meridian  in  P.  Then  P  is  the  center  of 

the  dial 

Thro5  C  and  P  draw  PCD  for  the  fubflile. 

Thro5  C  draw  QC^perpendicular  to  PD,  cutting 
the  meridian  in  N,  for  the  contingent  line. 

In  CQ  make  CT  equal  to  CF,  and  draw  PT. 

Take  the  neareft  diftance  from  C  to  PT,  and 
fet  it  from  C  to  D,  in  the  line  PD,  and  draw  DN. 

With  the  center  D,  and  any  radius  as  DC,  def- 
cribe  the  femicircie  SCW. 

Divide  the  femicircie  SCW  into  parts  of  15  de- 
grees  for  hours,  beginning  at  the  line  DN,  or 
where  it  cuts  the  circle. 

Thro5  thefe  points  draw  lines  from  the  center  D, 
to  interfe<5l  the  equinodial  QQ^  in  the  hour  points 
II,  12,  1,  2,  3,  4,  &c. 

From  P  the  center  of  the  dial,  draw  lines  throV 
the  hour  points,  as  P11,  P12,  Pi,  P2,  P3,  &c. 
for  the  hour  lines. 

Then  the  ftile  may  either  be  the  perpendicular 
pin  FC,  or  the  triangle  PCT  fet  upright  on  the 
fubflile  PC.  Here  the  edge  of  the  ftile  PT  muft 
be  made  very  thin  ;  or  which  is  better,  a  fpace  m.uft 
be  left  at  PC,  equal  to  the  thicknefs  of  the  ftile, 
for  it  to  ftand  on,  juft  as  if  this  dial  was  cut  in 
two,  thro5  the  line  PCD,  and  one  part  feparated 
from  the  other  to  that  diftance. 

If  you  would  have  half  hours  and  quarters,  di¬ 
vide  each  hour  of  the  femicircie  into  two  or  four 
pares,  and  draw  lines  thro5  thefe  points  and  the 
center,  to  cut  the  equinodial,  as  before. 

The  meridian  PE  muft  be  numbered  12,  and 
the  hours  on  the  left  mull  be  n,  io,  9,  &c.  and 
thofe  on  the  right  1,  2,  3,  4,  &c. 

If  you  had  rather  begin  at  the  center  of  the  dial, 
you  may  proceed  thus.  Take  the  point  P  near  the 

top. 


Sea.  II.  DIALLING.  87 

top,  for  the  center ;  thro’  which  draw  the  meridian  Fig. 
PE;  in  PE  take  any  point  Z,  thro’  which  draw  30. 
the  horizontal  line  AZB.  Make  the  angle  ZPX 
equal  to  the  complement  of  the  latitude,  cutting 
the  horizontal  line  in  X.  Make  the  angle  BZF 
equal  to  the  complement  of  the  declination,  to¬ 
wards  the  right  hand,  if  the  declination  be  weft  ; 
but  to  the  left,  if  eaft.  Make  ZF  equal  to  ZX  ; 
from  F  draw  FC  parallel  to  ZP,  to  cut  the  hori¬ 
zontal  line  in  C  ;  then  CF  is  the  height  of  the  ftile, 
and  C  the  foot  of  it.  Thro’  P  and  C  draw  PCD 
for  the  fubftile.  Then  draw  the  contingent  QQ, 
and  finifli  the  reft,  as  before. 

2.  By  Calculation . 

Here  we  have  given  the  latitude  of  the  place 
(54°4-\  anc^  the  declination  of  the  plane  (36°);  to 
find  the  fubftile’s  diftance,  the  height  of  the  pole 
above  the  plane,  and  the  plane’s  dif.  longitude. 


Radius  — 

Sin.  declination  (36) 

Cotan .  latitude  (547)  — 

10. 

9-769  21 

9.85326 

T an.  fubftile' s  di fiance  22  45, 

9.62247 

Again  > 

Radius  - - 

Cof.  declination  (36 J 

CoJ.  latitude  (547)  — 

10. 

9-9°795 

9-76395 

Sin.  file's  height ,  28  i 

9.67  I  9O 

And , 

S.  latitude  (547)  — 

Radius  — — 

Tan.  declination  (36) 

9.9X068 

IO. 

Q. 86l 26 

✓ 

'Tan.  dif.  longit.  4 1  45, 

9  95 °5X 
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Fig. 

3°- 


Then  add  15  degrees  continually  to  41  45  (the 
diff.  longitude),  for  the  hour  arches  before  12. 
And  fubftrad  15  deg.  continually,  till  you  come 
at  the  fubftile  ^  beyond  which  you  mull  add  15 
deg.  continually,  to  the  remainder  of  the  hour 
where  the  fubftile  ftands  *  for  the  hour  arches  after 
12.  And  thefe  hour  arches  are  all  reckoned  from 
the  fubftile.  All  thefe  muft  be  regularly  put.  down 
in  a  table  againft  the  refpedive  hours.  If  you  cal¬ 
culate  for  quarters,  you  muft  add  and  fubftrad 
30  43;  continually.  Then  you  muft  calculate  for 
the  hour  angles,  by  the  following  analogy,  and 
place  them  againft  the  feveral  hours,  as  in  the  fol¬ 
lowing  table. 

As  radius  - - 


S.  Jlile's  height  (28  1) 
Tan*  hour  arch  86  45) 

'Tan.  hour  angle  (83  6) 
Tan .  7*  45 

fan.  5455 

And  fo  on. 


10. 

9-67l85 

u-24577 

I G.q  J  762 
10.48  I  81 
IO.  1 5366 


Hours. 

hour 

arches. 

hour 

angles. 

IX 

00 

0 

457 

83° 

6' 

X 

71 

45 

54 

55 

XI 

56 

A- 

45 

35 

37 

XII 

41 

45 

22 

45 

I 

26 

45 

*3 

19 

II 

i  1  45 

fubftile 

5 

35 

III 

3 

15 

1 

32 

IV 

18 

*5 

8 

49 

V 

33 

35 

l7 

7 

VI 

48 

*5 

27 

45 

VII 

63 

l5 

42 

59 

VIII 

78 

l5 

66 

7 

Con~ 
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5  .,v-  --  "  Fig. 

Confiruohon .  30. 

Take  P  near  the  top,  for  the  center  of  the  dial ; 
and  draw  the  meridian  PE,  for  the  12  o’clock  line. 

By  the  line  of  chords  make  the  angle  EPC,  220  45* 
the  fubftile’s  diftance,  on  the  right  hand,  as  the  de¬ 
clination  is  weft ;  and  draw  the  fubftilar  line  PCD. 
Make  the  hour  angles  from  the  fubftile,  as  you  find 
them  in  the  table,  viz.  CPIX  “83  6  ;  CPX  = 

54  55  ;  CP  1 1  ~  35  37*  CP  1 2  “  22  45  I  CPi 
=  13  l9  ’  c?2  —  5  35  5  and  CP3  =  1  32* 
CP4  ==  8  49,  &c  and  PIX,  PX,  P11,  Pi 2,  Pi, 

P2,  P3,  &c.  will  be  the  hour  lines.  Make  the 
angle  CPN  ~  28  1,  for  the  ftile. 

3.  By  the  Scale . 

If  you  have  a  fcale  fitted  to  your  latitude  ;  find 
the  declination  on  the  line  of  chords  *,  againft  which, 
on  the  other  lines,  you  will  find  all  the  requifites, 
viz.  the  fubftile’s  diftance,  the  ftile’s  height,  and 
plane’s  dif.  longitude.  If  you  have  no  fuch  fcale, 
you  mu  ft  find  the  requifites  by  Gunter’s  fcale,  if 
you  would  work  the  whole  inftrumcn  tally  j  other- 
wife  by  calculation,  as  before. 

Having  made  a  table  of  the  horary  diftances 
from  the  fubftile,  choofe  any  point  H  near  the  top 
for  the  center,  thro’ which  draw  the  meridian  or  12 
o’  clock  line  perpendicular  to  the  horizon.  Make 
the  angle  EEC  =  22°  4.5*,  the  fubftile’s  diftance 
from  the  meridian ;  thro’  C,  draw  PCD  for  the 
fubftile,  on  the  right  hand,  becaufe  the  declination 
is  weft.  Draw  bVd  perpendicular  to  PC.  Then 
from  the  line  of  latitudes,  take  the  height  of  the 
pole  above  the  plane,  28°  ft,  and  fet  it  from  P  to 
h  and  d\  and  take  the  whole  length  of  the  line  of 

.  1  .  *  *  1  1  **  CZ- 

the  inclination  of  meridians, .  and  fet  from  h  to  cut 
PC  in  O,  and  draw  hO  andi  JO.  Then  from  the 
fame  line  of  inclination,  take  thefe  horary  diftances 

(or 
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Fig.  (or  hour  arches )  as  you  have  them  in  the  table, 

30.  viz.  ii°  45',  26°  457,  41  45,  56  45,  &c.  and 

fet  them  feverally  from  O  to  a ,  a9  a ,  &c.  till  you 
come  at  h .  Alfo  take  the  horary  diftances  3  1 5, 
18  33  J5*  &c-  and  fet  from  O  towards^,  as  at 

r,  r,  r,  &c.  till  you  come  at  d.  Then  from  P,  thro* 
all  the  points  a ,  a ,  0,  and  r,  r,  r,  &c.  draw  lines 
quite  thro’  the  dial,  which  will  be  the  hour  lines  re¬ 
quired.  If  any  point  falls  above  the  horizontal  line, 
draw  a  line  from  it,  thro*  the  center,  to  the  other 
fide.  You  may  obferve,  that  any  diftance  Qa  is  equal 
to  its  correfpondent  dr  •,  and  any  Or  is  equal  to  la. 

Make  the  angle  CPT  =1281  for  the  ftile.  And 
the  forenoon  hours  muft  be  markt  towards  the  left 
hand,  and  the  afternoon  hours  towards  the  right 
hand,  of  the  meridian. 

If  you  would  have  the  half  hours,  they  muft  be 
taken  off  the  line  of  inclination,  as  before,  and  fet 
on  the  lines  Ob  and  O d. 

As  this  is  a  very  common  and  ufeful  cafe,  I  fball 
give  another  example  of  it. 

Ex.  2. 

Suppofe  a  S. plane  declines  eafi  490,  in  lat.  51 

1.  Geometrically . 

31.  Take  C  for  the  foot  of  the  ftile,  thro’  which  draw 
the  horizontal  line  AB  *,  and  CF  perpendicular  to 
it,  and  equal  to  the  height  of  the  ftile. 

Make  the  angle  CFZ  equal  to  the  declination 
(490),  to  the  right  hand,  becaufe  the  plane  declines 
eaft  ;  and  it  will  cut  the  horizontal  line  in  Z. 

ThroJ  Z,  draw  PZE  perpendicular  to  AB,  for 
the  meridian. 

Set  ZF  from  Z  to  X,  in  the  horizontal  line  AB, 
either  way. 

Make  the  angle  ZXP  upwards,  equal  to  the  la¬ 
titude  (5  if)  j  then  P  is  the  center  of  the  dial. 
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Thro’  C  and  P  draw  PCD  for  the  fubftile.  Fig. 

Thro'  C  draw  the  contingent  line  QQ  perpendi*  3*. 
eular  to  the  fubftile  PC,  to  cut  the  meridian  in  N. 

Make  CT  equal  to  CF,  and  draw  PT. 

Take  the  neareft  diftance  from  C  to  PT,  and 
fet  from  C  to'V  in  the  fubftile  PD. 

From  the  center  Y  with  any  radius,  defcribethe 
femicircle  SCW. 

Divide  the  femicircle  into  parts  of  15  degrees 
for  hours,  beginning  at  the  line  DN. 

Thro*  all  thefe  points  of  divifion,  draw  lines 
from  the  center  V,  to  cut  the  contingent  QCJ  in 
the  hour  points,  5,  6,  7,  8,9,  &c. 

From  the  center  P  of  the  dial,  draw  lines  thro* 
all  the  hour  points,  as  P5,  P6,  P7,  P8,  &c.  for 
the  hour  lines. 

Then  the  triangle  PCT  will  be  the  ftile,  which 
muft  Hand  perpendicular  to  the  fubftile  PC. 


2.  By  Calculation . 


As  radius  *— 

S.  declination  (49®) 
Cot  an.  lat  {5  if) 


Tan.  fub/t.  dift.  (30  59) 


9.7783! 


Radius  — 

Co/,  declination  (49°^) 
Co/,  latitude  (51-J) 


10. 

9.81 694 
979414 


S.  /tile's  height  (24  6) 


9.61 108 


S.  latitude  (5  if) 
Radius  — 

Tan.  declination  (49) 


9-8935 4 

ia 

10.06083 


Tan.  dif.  longit .  (55  47) 


10. 1 6739 


Thea 
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Fig.  Then  having  the  plane’s  dif.  longitude  55  47  * 
3**  by  adding  and  fubtra&ing  15  degrees  continually 
to  and  from  it ;  the  hour  arches,  reckoned  from 
the  fubftile,  will  be  had,  as  in  the  following  table. 


?  vd  w 

,132 

IT  anil 


no* 


T.  hour  angle  (1  44)  8.47871 

and  fo  of  the  reft,  as  in  the  table. 

A  f  6  CJ.  ■  Jir 

Conftrufticn. 

Take  fome  point  P  near  the  top  for  the  center 
of  the  dial,  thro5  which  draw  the  meridian  PE, 
for  the  12  o’clock  line.  And  make  the  an¬ 
gle  EPC  zz  30  59  to  the  left  hand,  as  the  declina¬ 
tion  is  eaft,  and  draw  the  fubftile  PC.  Then  fet  off 
the  feveral  hour  angles  from  the  fubftile,  as  you 

have 


Hours. 

fJ  kl 

[ 

III 

IV 

n  >i 

VI 

VII 

VIII 

r,  3 an  on j 

IX 

X 

XI 
XII 

I 

II 


>, 

hour 

arches. 

. 

hour 

angles. 

79°  13/ 

65 

0 

64  13 

40 

*3 

49  13 

25 

20 

34  13 

15 

3 r 

?!  l3 

8 

6 

4  13 

Subftile 

1 

44 

10  47 

4 

27 

25  47 

1 1 

xo 

40  47 

19 

24 

55  47 

3° 

59 

70  47 

49 

31 

85  47 

79 

46 

Then  for  the  hour  angles, 

Radius  — 

S .  Jiile's  height  (24  6) 

T.  hour  arch  ( 4  13) 


10. 

9.61 108 
8.86763 
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have  them  in  the  table  :  CPS  zz  1  44 ;  CP7  zz  8  6;  Fig. 
CP6  zz  15  31,  &c.  and  you  have  the  hour  lines.  31. 
Make  CPT  zz  24  6,  and  CPT  will  be  the  ftile. 

3.  By  the  Scale . 

Having  found  the  requifites  by  Gunter’s  fcale, 
or  by  calculation,  take  lbme  point  P  for  the  cen¬ 
ter,  from  which  draw  the  meridian  or  12  o’clock 
line  PE  ;  make  the  angle  EPC  zz  30  59,  to  the 
left  hand,  becaufe  the  declination  is  eaft,  and  PC 
will  be  the  fubftile.  Thro’  P  draw  a  perpendicular 
to  PC,  on  which  fet  the  ftile’s  height  24  6,  taken 
from  the  line  of  latitudes,  from  P  to  h  and  d . 
Then  fet  the  whole  length  of  the  line  of  hours  or 
inclination  of  meridians,  from  h  or  d  to  O  in  the 
line  PC,  and  draw  bQ  and  dO.  Then  take  the  fe- 
veral  hour  arches,  which  you  have  in  the  table, 
off  the  line  of  inclination,  and  fet  them  from  O 
towards  £,  and  from  O  towards  d.  Thofe  on  the 
left  of  the  fubftile  (4  13,  19  13,  34  13,  &c.)  muft 
be  fet  on  Ob  from  O  to  a,  <2,  a,  &c.  And  thofe 
on  the  right  hand  (10  47,  25  47,  40  47,  &c.)  fet 
from  O  to  r,  r,  r,  &c.  Then  from  P,  thro’  all 
the  points  <2,  a ,  draw  the  hour  lines  P8,  P7, 

P6,  &c  ;  and  thro’  all  the  points  r,  r,  r,  &c.  draw  • 
the  hour  lines  P9,  Pio,  P11,  &:c.  Then  makp 
the  angle  CfT  zz  24  6  for  the  ftile. 

P  R  O  B.  XIII. 

To  draw  a  north  ere  ft  declining  Dial . 

s  ns  j  00 1  iot  'Cj  o'}  •  •  •  on  *  $  moo,  ••  0  i>'«' 

To  do  this  make  a  fouth  declining  dial,  whofe 
declination  is  the  fame,  and  lies  the  fame  way,  then 
turn  it  upfide  down,  and  it  will  be  a  north  de¬ 
clining  dial.  But  the  hours  muft  be  numbered  the 
contrary  way. 
v£ri 


Thus, 
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P'ig.  Thus,  if  you  want  a  north-eaft  decliner,  make 
31.  a  fouth-eaft  decliner,  if  a  north-weft  decliner,  make 
a  fouth-weft  decliner. 

Likewife,  by  extending  the  ftile  and  the  hour 
lines  quite  thro’  the  center  ;  fo  as  the  hours  may 
be  feen  on  the  other  ftde  of  the  plane  •,  the  fouth- 
eaft  decliner  will  then  produce  a  north- weft  decliner; 
and  a  fouth-weft  decliner,  a  north-eaft  decliner.  But 
the  hours  muft  be  numbered  1,  2,  3,  &c.  from 
the  meridian  on  the  right  hand;  and  11,  10,  9, 
&c.  on  the  left.  But  the  midnight  hours,  or  thofe 
before  fun  rife,  and  after  fun  fet,  muft  be  left  out ; 
as  the  fun,  being  then  below  the  horizon,  does  not 
fhine  on  them. 

And  in  drawing  the  dial,  the  center  H  muft  be 
taken  about  the  middle  of  the  plane*  becaufefome 
hours  more  are  required,  than  in  a  fouth  decliner  j 
and  thefe  are  had  by  producing  the  other  hour 
lines  thro’  the  center.  1  judge  it  needlefs  to  draw 
a  figure  for  it ;  but  the  calculation  of  fuch  a  dial 
will  be  as  follows. 

Suppofe  a  north  plane  declining  eaft  2 1  degrees ,  in 

lat .  3  . 

Then  we  fhail  find,  by  calculation,  or  Gunter’s  fcale, 

The  fuhflik' s  dijlance  14°  2o; 

Stile's  height  32  50 

Plane's  dif,  longitude ,  25  15 

And  the  hour  arches,  and  hour  angles  will  be 
as  in  the  following  table. 


Hours 
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Hours. 

hour 

arches. 

hour 

angles. 

8 

S5 

15 

81 

l9 

9 

70 

15 

56 

3° 

10 

55 

15 

1 1 

40 

15 

12 

25 

15 

1 

10 

15 

Subftile 

k 

2 

4 

45 

3 

*9 

45 

I  I 

0  6 

4 

34 

45 

20 

37 

5 

49 

45 

32 

38 ' 

6 

64 

45 

48 

59 

7 

79 

45 

71 

33 

P  R  O  B.  XIV. 

T o  draw  an  upright  dial  without  a  center  ;  or  & 
far  declining  dial. 

Examp, 

Suppofe  a  plane  declines  70  degrees  eajl,  in  the  lat , 

£4f- 

1.  Geometrically, 

In  fuch  dial  planes,  on  which  the  pole  has  but 
fmall  elevation,  if  the  center  of  the  dial  be  taken 
within  the  plane  *,  the  hour  lines,  efpecially  near 
the  fubftile,  will  be  fo  clofe  together,  as  not  to  be 
readily  diftinguiflied  ;  and  therefore  fuch  a  dial 
would  be  ufelefs.  But  by  making  the  ftile  higher 
at  pleafure,  the  hours  will  become  wider  ;  but  then 
the  center  will  run  out  of  the  plane  ;  and  therefore 
we  mull  ufe  the  following  method  to  draw  the  dial 
without  a  center. 
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Fig.  Suppofe  the  prefent  center  of  the  dial  to  be  H, 
32.  thro*  H  draw  the  meridian  HE,  in  which  take 
fome  point  Z,  thro*  which  draw  the  horizontal  line 
XZB.  Make  the  angle  ZHX  equal  to  the  com¬ 
plement  of  the  latitude,  cutting  the  horizontal 
line  in  X.  Make  the  angle  BZF  equal  to  the  com¬ 
plement  of  the  declination,  towards  the  right  hand, 
when  the  declination  is  weft ;  but  to  the  left,  when 
it  is  eaft.  Make  ZF  equal  to  ZX  ,  and  from  F 
draw  FC  parallel  to  HZ,  to  cut  the  horizontal  line 
in  C.  Then  CF  is  the  prefent  height  of  the  ftile, 
and  C  the  foot  of  it.  Thro’  H  and  C  draw  the 
fubftile  HCD.  Thro’  C  draw  I  Cl  perpendicular 
to  the  fubftile  HD  ;  and  thro*  fome  other  point  S, 
another  perpendicular  KSK,  to  cut  HE  in  A.  In 
Cl  take  CN  equal  to  CF,  and  draw  HNO  for  the 
ftile.  From  S  take  the  neareft  diftance  to  HO, 
and  let  from  S  to  G  in  the  fubftile,  and  draw  GA. 
Then  fince  the  ftile  HO  has  but  fmall  elevation, 
draw  T /  parallel  to  HO,  at  a  convenient  diftance, 
for  the  new  ftile.  Then  take  the  neareft  diftance 
from  S  to  T /,  and  fet  from  S  to  D  in  the  fubftile, 
and  draw  the  line  DL  parallel  to  GA.  From  the 
center  D,  defcribe  a  femicircle,  cutting  DL  in  L. 
Divide  this  femicircle  into  hours  beginning  at  L, 
and  draw  lines  from  the  center  D,  thro5  thefe  points, 
to  cut  the  contingent  line  KK  in  the  hour  points, 
that  of  L  being  12  o’clock. 

Again,  take  the  neareft  diftance  from  C  to  T /, 
and  let  from  C  to  d  in  the  fubftile.  From  d  de¬ 
fcribe  a  femicircle,  and  make  the  angle  Cdl  zz 
SDL.  Then  divide  this  femicircle  into  hours  be¬ 
ginning  at  / ;  and  thro’  all  the  points  draw  lines 
from  the  center  d,  to  cut  the  contingent  line  II  in 
the  hour  points,  l  being  12  o’clock 

Laftly,  thro’  the  correfpondent  hour  points,  in 
both  contingent  lines,  draw  right  lines,  and  thefe 
will  be  the  hour  lines.  And  to  number  the  hours, 

obferve 
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obferve  the  line  DL  runs  to  12  o’clock,  (which  is]? 
generally  out  of  the  dial)  and  this  direa$  all  the  3 
reft;  for  the  next  hour  point  is  11,  the  next  10, 
&c. 

2.  By  Calculation. 

The  requifites  being  found  as  in  the  laft  Problem, 


will  be  as  follows. 

Subfile's  difiance  330  5 o } 

Stile’s  height  1 1  28 

Plane’s  dif.  longitude  73  31 

Then  fuppofe  HC  to  be  2.7  inches  ;  HS,  7.3  ; 

then  by  plane  trigonometry  to  find  the  'leaft  diitaa- 

ces  from  C  and  S  to  HO, 

As  radius  10. 

S.  SHO  (11  28)  9. 29 84c 

So  HC  (2.77  0.43136 

. .  „ 

diftance  from  C  (.537)  !  —  1.72977 

So  HS  (7.3)  0.86332 


difiance  from  8(1.45)  0.16173 


Thefe  difcances  being  too  little,  increafe  them 
with  any  quantity  you  think  proper,  fuppofe  1.1  ; 
then  the  neareft  diftances  from  C  and  S  to  T/5  will 
be  1.64  and  2.55  ;  that  is,  the  radius  SD  and  C d 
will  be  2.55  and  1.64.  Then  to  find  the  hour 
points.  After  the  hour  arches  are  had  by  help  of 
the  dif.  longitude  73  31,  and  put  into  a  table; 
the  correfponding  diftances,  along  the  lines  KK  and 
II,  from  the  fubftile,  are  had  by  this  proportion. 


As  radius  10. 

Pan.  hour  arch  (61  29)  10.26493 

So  SD  (2.55)  0.40654 

diftance  from  S  (4.7 o)  0.67147 

So  Cd  (1.647  0.21484 

diftance  from  C  (3.02)  0.47977 


and 
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fig.  and  fo  on  thro*  the  whole,  which  muft  be  put 
32.  down  in  the  table,  againft  their  correfponding  hour 
arches,  as  follows. 


Hours. 

hour 

arches. 

diftance 
from  S. 

diftance 
from  C. 

3 

61 

29 

4.70 

3.02 

4 

4  6 

2  9 

2.69 

‘•73 

5 

31 

29 

1.56 

I. OI 

6 

l6 

29 

o-75 

O.48 

7 

I  29 
Subftile 

0.06 

0.04 

8 

13 

31 

0.6l 

°-39 

9 

28 

3 1 

1.38 

O.89 

10 

43 

31 

2,42 

1.56 

1 1 

[58 

31 

4.  l6 

2.68 

Conjlrubiion. 

Draw  an  obfcure  line  HE  perpendicular  to  the 
.horizon,  and  make  the  angle  EHD  zz  33  50,  and 
HD  is  the  fubftile.  Make  the  angle  DHO  zz 
11  28,  the  height  of  the  {tile,  and  draw  HO,  then 
draw  TV  parallel  to  HO,  at  a  diftance  1.1  from  it ; 
then  HSTV  will  be  the  itile,  to  be  fet  perpendicu¬ 
lar  upon  the  fubftile  HD,  Make  HC  zz  2 .7  ;  and 
HS  zz  7.3.  And  thro’  C  and  S,  draw  two  perpen¬ 
diculars  to  the  fubftile  HD,  as  II  and  KK.  Then 
fet  off  upon  II  and  KK,  from  the  points  C  and  S, 
the  diftances  you  find  in  the  table  *,  thofe  above 
the  fubftile,  to  the  left ;  and  thofe  below,  to  the 
right  of  it.  Laftly,  thro’  the  correfpondent  points 
in  the  two  lines,  draw  the  hour  lines  of  the  dial. 

If  you  look  thro5  the  back  of  the  paper,  you 
will  fee  a  dial  declining  as  far  to  the  weft. 


3.  By 
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3.  By  the  Scale . 
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Having  found  the  requifites  by  Gunter’s  fcale, 
or  by  calculation,  draw  HE  perpendicular  to  the 
horizon  and  make  the  angle  EHD  the  fubftile’s 
diftance,  and  DHO  the  (tile’s  height,  and  draw 
HD  and  HO  for  the  fubftile,  and  (hilar  line.  Chufe 
a  point  in  the  fubftile  as  S,  thro’  which  dl:aw  a  line 
KK  perpendicular  to  the  fubftile. 

Then  take  the  diftance  from  the  beginning;  to 
the  hour  III,  on  the  greater  polar  line,  and  fet  it 
from  S  to  T,  and  draw  T t  parallel  to  HO ;  and 
TV  is  the  new  (tile.  Then  open  the  compaftes  from 
the  beginning  to  the  hour  111,  on  the  Idler  polar 
line,  and  fetting  one  foot  at  S  in  the  fubftile  HD, 
move  it  along  the  fubftile  (keeping  the  feet  of  the 
compaftes  parallel  to  KK,)  till  the  other  foot  touch 
the  line  T t\  as  at  r;  thro’  that  point  r,  draw  a 
line  1CI  parallel  to  KK. 

Then  from  the  table  of  hour  arches,  take  the 
feveral  arches  from  the  greater  polar  line,  and  fet 
them  from  S,  upon  the  line  KK,  ftrft  to  the  left 
hand,  and  then  to  the  right,  as  they  lie  in  the  ta¬ 
ble,  in  refpedt  of  the  fubftile  *,  then  you  have  the 
hour  points  on  the  line  KK. 

Again,  from  the  fame  table  of  hour  arches  take 
every  arch  from  off  the  lefier  polar  line,  and  fet  both 
ways  from  C,  on  the  line  II,  as  before.  Then  lines 
drawn  thro’  the  correfpondent  points  in  both  lines 
KK  and  II,  will  be  the  hour  lines  of  the  dial. 

The  (tile  CST/  muft  be  placed  perpendicular  on 
the  fubftile  CS,  and  made  thin  at  the  top  ^  unlefs 
you  have  a  mind  to  leave  a  fpace  there,  the  thick- 
nefs  of  the  (tile. 
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j To  draw  a  dial  upon  a  diredl  fouth  reclining  plane , 
or  upon  a  diredl  north  inclining  one . 


1.  If  a  fouth  plane  reclines,  and  the  reclination 
is  lefs  than  the  complement  of  the  latitude,  add 
the  reclination  to  the  latitude,  the  fum  is  the  lati¬ 
tude,  for  which  you  muft  make  an  eredt  fouth  dial, 
by  Prob.  VIII. 

2.  If  the  reclination  be  equal  to  the  complement 
of  the  latitude,  then  the  pole  falls  in  the  plane  of 
the  dial ;  and  then  you  muft  make  an  horizontal 
dial  under  the  equinoctial,  by  Prob.  VI. 

3.  If  the  reclination  be  greater  than  the  comple¬ 
ment  of  the  latitude ;  fubtradt  the  complement  of 
the  latitude  from  the  reclination  ;  and  the  remain¬ 
der  is  the  latitude,  for  which  you  muft  make  a  ho¬ 
rizontal  dial,  by  Prob.  VII.  And  thefe  are  ail  the 
varieties  that  can  happen  in  a  reclining  fouth  dial. 

In  north  inclining  planes,  if  a  dial  be  made  on  the 
fouth  reclining  fide,  and  the  ftile  and  hour  lines  con¬ 
tinued  thro5  the  plane  *,  there  will  be  made  a  north 
inclining  or  proclining  dial,  as  required.  Otherwife 
thus,  which  comes  to  the  fame  thing  ;  make  fuch 
a  dial  as  is  before  directed  for  a  reclining  plane, 
then  turn  it  upfide  down,  and  it  will  be  a  dial  for 
its  correfponding  north  inclining  plane.  But  in 
all  of  them,  the  hours  muft  be  numbered  the  con¬ 
trary  way,  from  the  meridian  or  12  o’clock  line. 

Thefe  inclining  dials  are  the  word;  fort  of  dials, 
by  reafon  the  fun  does  not  fhine  fo  long  on  them, 
as  upon  other  dials. 


PROB. 


I 
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id 

Fig. 


PROB.  XVI. 

To  make  a  dire  51  north  reclining  dial ,  or  a  dire  51 
fouth  inclining  one . 


1.  If  a  north  plane  reclines,  and  the  reclination 
is  lefs  than  the  latitude ;  fubtraa  the  reclination 
from  the  latitude,  and  the  remainder  will  be  the 
latitude,  for  which  you  mtift  make  a  direa  fouth 
dial ;  and  turn  it  upfide  down  to  face  the  north, 
and  let  the  hours  be  numbered  weftward,  i,  2,  3, 
&c.  and  eaftward,  11,  10,  9,  &c.  but  fome  of  thefe 
midnight  hours  muft  be  left  out ;  and  fome  taken 
in,  after  6  in  the  morning,  and  before  6  at  night. 

Otherwife  thus ,  add  the  reclination  to  the  com¬ 
plement  of  the  latitude ;  and  the  fum  is  the  lati¬ 
tude  for  which  a  horizontal  dial  is  to  be  made  ; 
then  the  north  end  is  to  be  turned  upward,  and 
the  thing  is  done.  But  leave  out  the  midnight 
hours. 

2.  If  the  reclination  be  equal  to  the  latitude,  then 
the  plane  coincides  with  the  equinodtial ;  and  con- 
fequently  a  horizontal  dial  under  the  poles  muft  be 
made  by  Prob.  V. 

3.  Jf  the  reclination  be  greater  than  the  latitude, 
add  the  complement  of  the  reclination  to  the  lati¬ 
tude  ;  and  the  fum  is  the  latitude,  for  which  a  ho¬ 
rizontal  dial  muft  be  made,  by  Prob.  VII.  which 
will  fuit  that  plane. 

In  fouth  inclining  planes,  ("by  Prob.  VJII.)  make 
a  diredl  fouth  dial,  for  a  latitude  which  is  the  dif¬ 
ference  between  your  latitude  and  proclination. 
Only,  if  that  difference  is  o,  it  will  be  an  upright 
dial  under  the  equinodliaU  and  the  ftile  perpendi¬ 
cular  *,  and  made  by  Prob.  V.  And  if  the  procli¬ 
nation  be  greater  than  the  latitude,  the  dial  will  be¬ 
long  to  fouth  latitude  and  is  made  by  Prob.  VI  I. 


but 


302  DIALLING. 

Pig.  but  the  angle  of  the  flile  will  lie  the  contrary  way 
33*  uPon  tile  meridian,  as  in  fig.  33.  A-  north  recli- 
dining  dial  becomes  a  fouth  inclining  one,  when 
turned  upfide  down. 

There  need  be  no  more  than  12  hours  in  any  of 
thefe  incliners. 


Example . 

T 0  make  a  north  dial  in  lat.  6o\  that  reclines 
« 

To  the  comp.  lat.  30 
add  the  reclin.  5-i 


new  latitude  354  for  a  horizontal  dial. 


1.  Geometrically . 

Take  the  point  P  about  the  middle  of  the  plane, 
for  the  center  of  the  dial,  and  draw  the  meridian 
DPE,  and  a  line  perpendicular  to  it  thro’  P  for  the 
6  o’clock  line.  Make  the  angle  DPR  zz  35-^  the 
new  latitude.  Take  any  point  G  in  the  meridian, 
thro5  which  draw  the  perpendicular  AGB  for  the 
contingent  line.  Then  fet  one  foot  of  the  com- 
pafles  in  G,  and  take  the  neareii  diftance  to  the 
line  PR,  and  fet  it  from  G  to  D.  With  the  cen¬ 
ter  D,  and  any  radius,  defcribe  a  femicircle  LSM  ; 
divide  each  quadrant  LS,  SM  into  6  equal  parts, 
thro5  which  and  the  center  D  draw  obfcure  lines  to 
cut  AB  in  the  hour  points.  Thro*  all  thefe  points 
or  marks  in  AB,  draw  lines  from  the  center  P  of 
the  dial,  and  thefe  will  be  the  hour  lines.  But  the 
midnight  hours  are  left  out,  when  the  fun  does  not 
fhine.  And  the  hours  after  6  in  the  morning,  and 
before  6  at  night,  are  drawn  thro’  the  center  ;  and 
on  thefe  the  fun  will  fhine  in  fummer. 

DPR  is  the  ftile,  which  will  point  to  the  pole 
when  the  dial  is  rightly  placed. 
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2.  By  Calculation . 
As  radius : 

Sin.  new  latitude  (357)  :  : 
'tan.  hour  arch  : 

\ Tan .  hour  angle , 

Hence  the  following  table. 


Hours. 

hour 

arches. 

hour 

angles. 

3  9 

45 

0 

30 

9 

4  8 

60 

0 

45 

10 

5  7 

75 

0 

65 

14 

6 

90 

0 

90 

0 

Confer  u6Hon. 

Draw  the  meridian  DE,  and  take  P  for  the  cen¬ 
ter*,  at  P  make  angles  with  PD  and  PE,  as  you 
find  them  in  the  table,  and  draw  the  hour  lines. 

Make  DPR  “  357,  and  you  have  the  ftile. 

3.  By  the  Scale. 

Let  P  be  the  center,  about  the  middle  of  the 
plane  ;  and  draw  the  meridian  PE,  and  P d  perpen¬ 
dicular  to  it,  for  the  6  o’clock  line  *,  on  which  fet 
the  extent  to  the  new  latitude  (357),  taken  from 
the  line  of  latitudes,  from  P  to  h  and  d.  Then 
fet  the  whole  length  of  the  hour  line  from  b  to  a 
and  q,  on  the  meridian  DE  *,  and  draw  ba,  da ,  bq% 
dq.  Then  on  the  line  of  hours,  take  the  extent  to  I 
the  firft  hour,  and  fet  from  b  to  5  and  7,  and  from 
d  to  5  and  7.  Then  take  the  extent  to  the  fecond 
hour  11,  and  fet  from  b  to  4  and  8,  and  from  d  to 
4  and  8.  Alfa  take  the  extent  to  III,  and  fet  from 
b  to  9,  and  from  d  to  3.  Then  from  P  draw  lines 

H  4  thro’ 
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Fig.  thro’  all  thefe  points,  for  the  hour  lines.  Make 

34.  DPR  zz  35-I-  for  the  ltile. 

The  mid-dav  or  midnight  hours  need  not  be 
drawn,  as  the  fun  never  fliines  on  them. 

P  R  O  B.  XVII. 

Lo  make  an  inclining  or  reclining  eajl  dial. 

Example, 

Let  an  eafl  dial  recline  2 1  deg .  in  lap,  54L 

1.  Geometrically , 

35.  Take  fome  point  C  for  the  foot  of  the  ftile,  near 
the  middle  of  the  plane  \  thro5  which  draw  the  per¬ 
pendicular  line  DE.  Draw  CF  perpendicular  to 
DE,  or  parallel  to  the  horizon,  and  equal  to  the 
height  of  the  ftile.  Make  the  angle  CFH  equal 
to  the  complement  of  the  reclination  or  proclina- 
tion  •,  downwards,  if  it  recline ;  or  upwards,  if  it 
incline,  to  cut  the  vertical  line  DE  in  H.  Thro* 
H  draw  the  meridian  or  12  o’clock  line  PHI  per¬ 
pendicular  to  DE.  Make  FIG  zz  HF,  and  make 
the  angle  FIG P  zz  the  complement  of  the  latitude, 
to  the  left  hand  when  the  plane  reclines,  and  to  the 
right  hand  when  it  inclines  *,  and  P  is  the  center  of 
the  dial,  which  will  be  at  the  top,  as  well  as  the 
meridian  PI,  when  the  plane  inclines.  ThtrcP  P 
and  C  draw  PCM  for  the  fubftile. 

Thro’  C  draw  QC^perpendicular  to  the  fubftile 
PM  for  the  contingent,  in  which  make  CT  zz  CF, 
and  draw  PT  for  the  ftile.  Take  the  neareft  dif- 
tance  from  C  to  the  ftile  PT,  and  fet  it  from  C  to 
V.  Draw  the  line  VI,  from  V  to  the  interfeblion  I 
of  the  contingent  and  meridian. 

From  the  center  V,  with  any  radius,  defcribe  a 
femicircle,  which  divide  into  hours,  beginning  at 
YF  Draw  lines  from  the  center  V,  thro’  thefe 

divi- 


viir  k 


Jd)iallina . 


PL  TX 


,pa/ao4- 
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divifions,  to  cut  the  contingent  QQJn  the  feveralFig. 
hour  points.  Then  lines  drawn  from  the  center  of  35. 
the  dial  P,  thro’  thefe  points,  will  be  the  hour  lines. 

And  the  triangle  CPT,  eredted  on  the  fubftile,  PV 
will  be  the  ftile. 

For  the  hours,  PI  being  12  o’clock,  the  reft  pro¬ 
ceed  towards  the  left  hand,  being  11,  10,  9,  8, 

&c.  in  order. 

2.  By  Calculation . 

1.  As  radius  — —  10. 

Cof.  reclination  (21)  9*  9  7°  *5 

Tan .  latitude.  (54—)  10.14673 

- — 

Tan.  fubftile' s  difi.  52  37,  10.11688 


2.  Radius  - —  10. 

S.  latitude  (54H  9.91068 

S.  reclination  (21)  9-5543 2 

S.  file's  height ,  1 6  58,  9.46500 


3.  Radius  — -  10. 

Cof  latitude  (54-i)  9*7^395 

Tan .  reclination  (21)  9-58417 

Cotan.  dif  longitude ,  77  26,  9.34812 

Then  make  a  table  for  the  feveral  hour  arches, 
by  continually  adding  and  fubftradting  15  degrees, 
to  and  from  the  difference  of  longitude  77  26. 
And  then  to  find  the  hour  angles, 

Radius  -  10. 

S.  file's  height  (16  58)  9  46500 

Tan  hour  arc 
the  fubftile 

Tan .  hour  angle  24  40,  9.66192 

And  fo  of  the  reft,  as  in  the  following  table. 

Hours 


h  from 

(57  34) 


?■  10.19692 
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Hours. 

hour 

arches. 

hour 

angles. 

3 

57 

34 

24  40 

4 

42 

34 

15 

O 

5 

27 

34 

8  40 

6 

12  34 
Subftile 

3  43 

7 

2  26 

0  43 

8 

17  26 

5 

14 

9 

32  26 

10  30 

10 

47  26 

l7  37 

11 

62 

26 

29  12 

12 

77  26 

52 

37 

Conftruffion, 

Draw  PI  parallel  to  the  horizon  at  the  bottom 
of  the  plane,  for  the  1 2  o’clock  line ;  or  at  top 
of  the  plane  if  it  inclines  ;  in  which  take  any  point 
P  for  the  center  of  the  dial,  toward  the  left  hand. 

Make  the  angle  IPV  on  the  right  hand,  equal 
to  the  fubftile’s  diftance  from  the  meridian  52  37, 
and  draw  the  fubftiie  PV.  Alfo  make  the  angle 
VPT  equal  to  the  ftile’s  height  16  58,  and  draw 
the  ftile  FT.  Then  make  the  hour  angles  on  each 
fide  of  the  fubftiie,  as  you  have  them  in  the  table, 
as  VP7  zz  o  43,  VP8  zz  5  14,  &c ;  and  VP6  zz 
3  43,  VP5  =s  8  40,  &c.  And  draw  the  hour  lines. 

3.  By  the  Scale . 

Having  found  the  requifites  as  above,  by  Gun¬ 
ter’s  fcale,  or  by  calculation  ;  and  made  a  table  of 
the  horary  diftances  (or  hour  arches,)  from  the  fub¬ 
ftiie  *,  take  a  point  P  near  the  bottom  for  the  cen¬ 
ter,  thro’  which  draw  the  12  o’clock  line  PI  pa¬ 
rallel  to  the  horizon.  Make  the  angle  IP  a  zz  fub¬ 
ftile’s 


/ 


Sea.  II.  DIALLIN  G.  207 

ftile’s  diftance  52  37,  and  draw  the  fubftile  Pa.  Fig. 
Thro5  P  draw  bd  perpendicular  to  P a,  in  which  35. 
jnake  P b  and  Pd  16  58,  the  pole  height,  taken  from 
the  line  of  latitudes.  Then  take  the  whole  line  of 
hours,  or  the  line  of  inclination,  and  fet  from  b  to 
a  in  the  fubftile,  and  draw  ba  and  da  ;  then  from 
the  fame  line  of  inclination,  take  the  hour  arches 
as  vou  have  them  in  the  table,  and  fet  thofe  above 
the*  fubftile  from  a  towards  b ;  and  thofe  below, 
from  a  towards  d,  on  the  lines  ab  and  ad.  Thus, 
make  a6  zz  12  34,  a$  zz  27  34,  a\  zz  42  34, 

<23  zz  57  34;  alfo  ay  zz  2  2 6,  aS  zz  17  26,  ay 
zz  32  2  6,  &c.  And  draw  the  hour  lines  03  ^4, 

^5,  a6,  ay ,  &c.  And  make  the  angle  *zPT  zz 
16  58,  for  the  ftile. 

PROS.  XVIII* 

T 0  make  an  inclining  or  reclining  weft  diaL 

This  dial  is  made  by  the  fame  rules  as  the  eaft 
incliner  or  recliner ;  only  the  angle  PGH,  which 
is  made  equal  to  the  complement  of  the  latitude, 
mu  ft  be  taken  to  the  right  hand,  for  a  weft  recli¬ 
ner  *,  but  to  the  left  hand  for  a  weft  incliner.  And 
the  meridian  PI  will  be  at  the  bottom  of  the  plane, 
if  it  reclines ;  but  at  top,  if  it  inclines. 

The  hours  muft  be  reckoned  the  contrary  way  in 
the  weft  dial ;  but  the  meridian  or  twelve  o’clock 
line  will  guide  all  the  reft.  If  you  turn  the  back 
of  the  paper  towards  you,  and  look  thro’  it,  the 
eaft  recliner  will  be  changed  into  a  weft  recliner, 
for  you  will  then  fee  the  figure  of  a  weft  recliner 
thro’  the  paper.  And  fo  the  back  fide  of  an  eaft 
incliner,  becomes  a  weft  incliner. 


Examp , 
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Fig.  Examp, 

35*  Suppcfe  a  weft  dial  reclines  50%  in  lat .  54  *. 

As  all  the  work  is  conflru&ed  as  before,  I  fhall 
only  give  the  calculation  of  it,  as  follows. 

Subftile’s  diftance  42 0  i1 

Stile’s  height  38  35 

Plane’s  dif.  longitude .  55  19 

Then  the  table  of  hour  angles  and  hour  arches* 
will  be  as  follows. 


Hours. 

hour 

arches. 

hour 

angles. 

10 

85 

39 

82  41 

1 1 

70 

19 

60  10 

12 

55 

l9 

42 

1 

1 

40 

1 9 

27 

53 

2 

25 

J9 

16 

26 

3 

10  19 

Subftile 

6  29 

4 

4  4i 

2  56 

5 

19  41 

12  34 

6 

34  4i 

23  21 

7 

49  41 

36  i9 

8 

64  41 

52 

51 

9 

79  4i 

73 

44 

And  if  an  eafl  dial  inclines  50°,  in  lat.  54- ; 
the  hour  angles  will  be  the  fame  as  above. 

P  R  O  B.  XIX. 

♦ .  „  .  / 

T 0  draw  a  fouth  declining ,  reclining  or  inclining 
dtal. 

Example  1. 

Suppofe  a  Splane  declines  weftward  250,  and  reclines 
1 50,  in  lat .  547* 

1.  Geo - 
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fv.  'V.,  . 


I 


f  ». 


c- 
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h. 
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i.  Geometrically . 

Take  any  point  C  for  the  foot  of  the  ftile,  a- 
bout  the  middle  of  the  plane,  thro5  which  draw  DE 
perpendicular  to  the  horizon  ;  and  CF  perpendicu¬ 
lar  to  it,  and  equal  to  the  ftile’s  height. 

Make  the  angle  CFG  the  reclination  of  the  plane ; 
that  is,  upwards  if  it  recline,  or  downwards  if  it 
incline*,  and  make  CFH  the  complement  of  it; 
and  H  is  the  nadir. 

Thro5  G  draw  the  horizontal  line  AGB,  perpen¬ 
dicular  to  DE. 

In  GD  make  GR  zz  GF,  and  the  angle  GRI  zz 
the  declination  of  the  plane;  to  the  right  hand, 
if  it  declines  eaft,  but  to  the  left,  if  weft ;  R  be¬ 
ing  the  dividing  center  of  the  horizon  AB. 

Thro5 1  and  H,  draw  the  meridian  or  12  o’clock 
line  Z1H. 

Thro5  C  draw  CMK  perpendicular  to  ZH. 

Set  CM  from  C  to  L  on  the  line  CFI,  and  extend 
from  L  to  F,  and  fet  it  from  M  to  Q,  in  the  line 
MK ;  then  O  is  the  dividing  center  of  ZH. 

Draw  OI,  and  make  the  angle  IOF  upwards, 
equal  to  the  latitude;  and  draw  OP  interfering 
ZH  in  F  the  pole,  for  the  center  of  the  dial. 

Thro5  P  and  C,  draw  PCV  for  the  fubftile. 

Thro5  C  draw  the  contingent  QQ,  perpendicular 
to  the  fubftile  PC,  interfering  the  meridian  in  N. 

Take  Cl  equal  to  CF,  and  draw  FT,  then 
CPTis  the  ftile 

Take  the  neareft  diftance  from  C  to  the  line  FT, 
and  fet  it  from  C  to  V  in  the  fubftile  PCV,  and 
draw  VIST. 

From  the  center  V,  with  any  radius,  defcribe  a 
femicircle  SC'X,  which  divide  into  hours  beginning 
at  the  line  V N  h  ;  h  goes  to  12. 

Draw  lines  from  V  thro5  ah  theft  points,  to  in- 
terftct  the  contingent  QftHn  the  hour  points. 

And 
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Fig.  And  thro’  thefe  points  of  interfe&ion,  draw  lines 
36.  from  the  center,  which  will  be  the  hour  lines  of 
the  dial. 

Note,  if  OP  run  parallel  to  the  meridian,  PH ; 
the  fubflile  PV,  and  all  the  hour  lines  (drawn  thro* 
the  feveral  interfe&ions  of  QO),  will  be  parallel  to 
ZH. 

2.  By  Calculation . 

As  fin.  reclination  (1  50)  9.41299 

Cot  an.  declination  (25)  10.33132 

Radius  — -  10. 


5 F an .  heig.  meridian ,  83  9,  10.9183; 


As  Radius 

Cof.  declination  (25) 

Cot  an.  reclination  ("15) 

Tan.  arch  A,  73  32 

lat.  54  30 

Arch  B  19  2  *,  here  A  being  greater 

than  the  latitude  ;  the  oppofite  pole  is  elevated. 


10. 

9.95727 

10.57194 

10.52921 


As  Cotan.  arch  B  (19  2) 
Cof.  reclination  (15) 
Sin .  declination  (25) 


10.46220 

9.98494 

9.62594 

19.61088 


T an.  fubflile's  did.  8  1  9.14868 


As  Cof.  fubflile* s  difiance  (8  1) 
Cof.  arch  B  (19  2)  — 

Radius  - - 

G?/.  file's  height,  17  19 


9-99573 

9-9755$ 

10. 


9.97985 


As 


lit 
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As  Sin.  arch  B.  (19  2)  — 

Radius  — 

Sin.  fubli.  dift.  (8  1)  - * 

Sin.  plane's  dif.  longitude ,  25  19 


9-5^337  Fig. 

i°.  36. 

SM4445 


9.63108 


Then  make  a  table  for  the  feveral  hours,  and 
place  the  plane’s  dif.  longitude  25  19,  againft  12. 
To  or  from  which  add  and  fubtrad  15,  30,  45* 
60,  &c.  to  get  the  other  hour  arches,  which  put 
againft  their  refpeaive  hours.  Then  for  finding 
the  hour  angles, 

Radius  *—  JO; 

S.  ftile's  height  (17  19)  9.47370 

Tan.  hour  arch  (79  41)  10.73985 


Tan.  hour  angle ,  58  33,  10,21355  for  VII, 

And  fo  on  for  all  the  reft,  which  will  be  as  in 
the  following  table. 


Hours. 

hour 

arches. 

hour 

angles. 

7 

79 

4i 

58 

33 

6 

64 

41 

32 

1 1 

r* 

O 

49 

4i 

*9 

20 

4 

34 

4i 

1 1 

38 

3 

l9 

4i 

6 

5 

2 

4  4* 

Subftile 

1 

24 

1 

10 

>9 

3 

7 

1 2 

2  5 

*9 

8 

1 

1 1 

40 

14 

1 1 

10 

55 

*9 

23 

16 

9 

70 

39 

46 

8 

85 

*9 

74 

37 

Ccn~ 
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I 


Conftruftion. 

Draw  the  horizontal  line  hW  near  the  bottom 
of  the  plane,  in  which  take  a  point  H  towards  the 
right  hand,  if  the  declination  be  weft ;  but  to  the 
left  if  eaft.  Draw  the  line  ZH  making  the  angle 
i>HZ  n:  83  9,  the  height  of  the  meridian,  for  the 
12  o’clock  line.  Take  any  point  P  near  the  top, 
when  A  is  greater  than  the  latitude,  otherwife  near 
the  bottom,  and  draw  the  fubftile  PY  to  the  right 
hand  for  weft  declination,  making  the  angle  HPY 
za  8°  1',  the  fubftile’s  diftance.  Then  from  P  draw 
the  hour  lines,  making  angles  with  the  fubftile  at 
P,  as  you  find  them  in  the  table.  Thus  VPII  zz 
i°  24/.  VPII1  rr  6°  5V  &c.  And  draw  PT  ma¬ 
king  the  angle  VPT  “  17  19,  the  ftile’s  height, 
and  PTC  is  the  ftile. 

3.  By  the  Scale. 

Having  found  the  requifites  by  Gunter’s  fcale,  or 
otherwife,  draw  the  meridian  PH,  making  an  angle 
with  a  horizontal  line  of  83°  9';  draw  the  fubftile  P  Y, 
making  an  angle  at  P  with  the  meridian,  of  8°  T. 
Thro’  the  center  P,  draw  the  line  bd  perpendicular 
to  PV  ;  then  take  17  19  (the  pole’s  height)  from 
the  line  of  latitudes,  and  fet  from  P  to  b  and  d. 
Then  take  the  fcale  of  hours  or  inclination,  and 
fet  from  b  to  a,  in  the  line  PV,  and  draw  ba,  da. 
Then  from  the  line  of  inclination,  take  the  feveral 
hour  arches,  againft  2,  3,  4,  5,  &c.  in  the  table, 
and  fet  them  in  the  line  ad,  from  a  to  2,  3,  4,  5, 
6,  7.  Again,  take  the  hour  arches  againft  1,  12, 
ii,  10,  &c.  and  fet  them  in  the  line  ab ,  from  a 
to  1,  12,  ii,  10,  9,  8.  Then  thro’  all  thefe  points 
2,  3,  4,  See.  and  1,  12,  ir,  See.  draw  lines  from 
the  center  P  for  the  hour  lines. 

Note,  a2j  a$y  44,  &c.  is  equal  to  b8,  bg,  bio , 


Laftly, 
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Laftly,  draw  FT,  making  the  angle  VPT  zz  Fig. 
17  i9,  andVPF  will  be  the  ftile.  36. 

Ex.  2. 

Suppofe  a  S. plane  declines  eaft  50°*,  and  reclines  42  °* 

z*/z  to.  54f. 

,  '  .  i 

1,  Geometrically . 

About  the  middle  of  the  plane,  take  C  for  the  37* 
foot  of  the  ftile,  thro5  which  draw  DE  perpendi¬ 
cular  to  the  horizon,  and  CF  perpendicular  to  DE, 
and  equal  to  the  height  of  the  ftile. 

Make  the  angle  C  FG  the  reclination  of  the  plane 
42ft  upwards,  and  CFF1  its  complement,  cutting 
DE  in  G  and  H,  H  being  the  nadir. 

Thro5  G  draw  the  horizontal  line  GB,  perpendi¬ 
cular  to  DE. 

In  GD  take  GR  r=  GF,  either  way,  and  make 
the  angle  GRI  ~  the  declination  50°,  to  the  right 
hand  as  it  declines  eaft,  to  cut  GB  in  I. 

Thro5  I  and  hi  draw  the  meridian  PHIZ,  or  the 
12  o’clock  line.  v 

Thro’  C  draw  CMK  perpendicular  to  the  me¬ 
ridian  HI. 

Set  CM  from  C  to  L  on  the  line  CH,  and  extend 
from  L  to  F,  and  let  it  from  M  to  O,  in  the  line 

CMK. 

Draw  OI  and  make  the  angle  I  Op  upwards,  e~ 
qual  to  the  latitude  544-.  Draw  pQP  interfering 
the  meridian  HI  in  P,  for  the  center  of  the  dial, 
which  reprelents  the  pole. 

Thro’  P  and  C  draw  PCV  for  the  fubftlle. 

Thro5  C  draw  the  Contingent  QQ  perpendicular 
to  the  fubftile  PC,  interfering  the  meridian  PI 
in  N. 

Take  CT  zz  CF,  and  draw  PT,  and  CPT  is 
the  ftile. 


I 


Take 
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Take  the  neareft  diftance  from  C  to  the  line  PT5 
and  fet  it  from  C  to  Y  in  the  fubftile  PCV,  and  draw 
the  line  YN. 

From  the  center  V,  with  any  radius,  defcribe  the 
femicircle  SCX,  which  divide  into  hours,  begin¬ 
ning  at  the  line  YN,  where  it  interfe&s  the  circle. 

Draw  lines  from  the  center  V  thro’  all  thefe  points, 
to  cut  the  contingent  line,  as  ufual,  in  the  hour 
points ,  thro5  which  again  draw  lines  from  the  cen¬ 
ter  of  the  dial  P,  for  the  hour  lines. 


2*  By  Calculation . 


As  Sin.  reclination  (42) 

9.82551 

Cotan.  declination  (50) 

9.92381 

Radius  — 

10. 

J'an .  heig.  meridian,  51  26, 

IO.C9830 

As  Radius 

10. 

Cof.  declination  (50J 

9.80806 

Cot.  reclination  (42,) 

'  10.04556 

Y an.  arch  A,  35  31 
Latitude  54  30 

9.85362 

Arch  B,  18  so.  Here 

A  being  lefs  than 

the  latitude,  the  pole  is  elevated  above  the  plane. 

As  Cot  an.  drch  B  (18  59) 

10.46343 

Cof.  reclination  (42) 

9.87107 

Sin.  declination  (50) 

9.88425 

19-75532 

Y an.  fubftile' s  dift.  1 1  5* 

9,29  189 

As  Cof.  fubft.  dift.  (11  5) 

9.99I  82 

CoJ .  arch  B  (18  59) 

9-9757 1 

Radius 

IO. 

ft 

Cof,  fiilfs  height  15  30 

9.98389 

As 
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As  Sin.  arch  B  (t8  59)  9.51227 

Radius  — — «  io. 

Sin.  fubftile's  diftance  (11  5)  9.28383 

S. plane's  dif.  longit.  36  13,  9*77156 


Then  make  a  table  of  hour  arches,  placin  g 36  >3 
againft  12  ;  and  find  the  reft  as  ufual.  From  which 
find  the  hour  angles  by  this  analogy,  and  put  them 
into  the  table. 

Radius 

Sin.  ftild s  height  *, 

Stan,  any  hour  arch , 

tan.  correfpondent  hour  angle . 


Hours. 

hour 

arches. 

hour 

angles. 

4 

83 

47 

67  49 

5 

68 

47 

34 

33 

6 

53 

47 

20 

n 

0 

7 

38 

47 

1 2 

7 

8 

23 

47 

6  43 

9 

8  47 

Subftile 

2 

22 

10 

6 

l3 

I  40 

1 1 

2 1 

J3 

5 

55 

1 2 

3 6 

>3 

11  5 

1 

51 

13 

1 8 

24 

2 

66 

l3 

31  14 

3 

8 1 

13 

59 

58 

Conftruffiion. 

Draw  PY  near  the  bottom  of  the  plane,  parallel 
to  the  horizon,  the  lat.  being  greater  than  A  *,  and 
take  P  on  the  left  hand  for  the  center,  being;  eaft 

I  2  decli- 
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Fig.  declination.  Make  the  angle  YPI  =  51  2 6,  the 
37.  height  of  the  meridian*,  and  to  the  left  IPV  zz 
11  5,  the  fubftile’s  diftance  ;  and  YPT  ~  15  30* 
the  ftile’s  height.  Then  make  the  angles  with  the 
fubftile  PV,  on  the  left,  2  22,  6  43,  12,  7,  &c„ 
and  on  the  right,  1  40,  5  55,  &c.  as  in  the  table  j 
and  draw  the  hour  lines.  And  CPT  is  the  ftile. 

3.  By  the  Scale . 

Flaving  found  the  requifites  by  Gunter,  draw 
the  horizontal  line  PY,  and  meridian  PI,  ma¬ 
king  the  angle  51  26,  to  the  right.  Make  the  an¬ 
gle  IPV  1 1  5,  and  PV  is  the  fubftile.  Thro5  the 
center  P  draw  hd  perpendicular  to  PV.  And  take 
1 5  30  the  pole’s  height,  from  the  line  of  latitudes, 
and  fet  from  P  to  h  and  d  *,  then  take  the  whole  line 
of  inclination,  and  fet  from  b  to  ay  in  the  line  PV, 
and  draw  bay  da.  Then  having  made  a  table  of 
the  hour  arches,  take  them  feveraliy,  from  the  line 
of  inclination,  and  fet  them  from  a  in  the  lines  ah 
and  ad.  That  is,  fet  6  13,  21  13,  36  13,  &c. 
to  10,  ii,  12,  1,  2,  3;  and  fet  8  47,  23  47, 

38  4 7,  &c.  to  9,  8,  7,  6,  5,  4.  And  thro5  thefe 
points,  draw  the  hour  lines  from  P.  And  PCT 
will  be  the  ftile,  making  the  angle  CPT  zz  1 5  30. 

In  all  filch  dials,  aio  zz  £4,  ^11  zz  £5,  ^12 
rzV6,  &c.  and  a<y  zz  aS  zz  aj  zz  di9  a 6 
,  zz  di  2,  &c. 

If  it  happen  that  the  arch  A  is  equal  to  the  la¬ 
titude,  then  the  dial  plane  will  pafs  thro5  the  pole  ; 
and  the  dial  will  become  a  horizontal  equinodial 
dial,  as  in  the  following  Prob. 


P  R  O  P. 
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Fig. 


P  R  O  B.  XX. 


Eo  draw  a  dial  upon  a  declining  reclining  planey 


pajjing  thro ’  the  pole . 


Examp. 


Suppofe  a  dial  plane  declines  50°  eaftr  and  reclines 
240  38',  in  the  lat.  54-f. 


1.  Geometrically. 


The  procefs  here  is  exa&ly  the  fame  as  in  the  38 
laft  Proh.  till  you  draw  PC  or  pQ%  which  will  be 
parallel  to  IH  the  12  o’clock  line.  Then  proceed 
thus,  draw  the  contingent  QMK  perpendicular  to 
the  meridian,  and  to  the  fuhftile  pCy  which  muff 
be  parallel  to  the  meridian.  Set  CF  the  height  of 
the  itile  from  C  to  V  in  the  fubftile  and  draw  VM. 
Then  from  the  center  V  defcribe  a  femicircle,  which 
divide  into  hours  as  ufual,  beginning*  at  VM  *,  then 
lines  drawn  from  the  center  thro’  alFthefe  points  of 
divifion  will  cut  the  contingent  line  QK  in  the  hour 
points.  Thro5  which  points,  lines,  drawn  parallel 
to  the  meridian,  will  be  the  hour  lines  ;  and  CV 
the  foie’s  height,  which  may  be  a  parallelogram.. 


2.  By  Calculation. 


Here  A  zr  latitude,  and  the  pole’s  height  above 
the  plane  is  0 ;  and  the  other  requifites  are  found 
as  before,  except  the  plane’s  difference  or  longi¬ 
tude,  which  is  found  thus. 


Radius 

Sin.  latitude  ( 54  30) 
'Tan.  declination  (50) 


IQ. 

9.91063 
10.0761 8 


Tan.  dif.  longitude ,  44  8,  9.98686 


and  height  of  the  meridian 
The  arch  A 


63  35 

54  3C> 


The 
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The  arch  B  zr  o,  and  fubftile’s  diftance  is  o  or 
no  angle,  becaufe  the  ftile,  fubftile  and  meridian 
are  all  parallel.  Therefore  affume  the  height  CF 
—  2.7  inches,  and  putting  the  feveral  hour  arches 
into  a  table,  find  the  hour  diftances,  by  the  fol¬ 
lowing  proportion,  which  put  into  the  table. 

As  radius  : 

Stile's  height  in  inches  :  : 

T 'an .  hour  arch  : 

4 

Hour  difiance . 


Flours. 

hour 

arches. 

hour 

diftances. 

0 

0 

89 

8 

108.0 

2 

74 

8 

9.50 

1 

59 

8 

4.52 

12 

44 

8 

2.62 

1 1 

29 

8 

1.50 

10 

1 4  8 
Subftile 

0.68 

9 

0 

52 

,  0.08 

8 

15 

52 

077 

7 

3° 

52 

1.61 

6 

45 

52 

2  78 

5 

60 

5  2 

4.84 

1  4 

75 

5  2 

10.83 

Confirudlion. 

Draw  the  horizontal  line  AY  ;  make  the  angle 
YAC  ™  63  35,  and  draw  AC  for  the  fubftile,  in 
•which  take  C  for  the  foot  of  the  ftile,  and  thro’  C 
draw  the  contingent  QQ  perpendicular  to  AC. 
Then  fet  off  the  hour  diftances  from  C,  in  the  line 
QQ,  as  they  are  in  the  table  ;  and  thro5  thefe  points 
draw  lines  parallel  to  AC  for  the  hour  lines.  Make 
QL  and  BN  ~  2.7,  and  LNBC  is.  the  ftile. 

3*  By 
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3.  By  the  Scale. 

Having  found  the  requifites,  and  made  a  table  of 
the  hour  arches.  Draw  the  horizontal  line  AY, 
and  draw  the  fubftile  AC,  making  an  angle  of  63 
35  with  AY ;  draw  QCK  perpendicular  to  AC. 
Then  from  either  polar  line,  take  the  feveral  hour 
arches,  as  in  the  table,  and  fet  them  from  C,  in 
the  lines  CK  and  Cftk  Then  thro’  thefe  points 
draw  lines  parallel  to  the  fubftile  AC,  for  the  hour 
lines.  The  ftile  mu  ft  be  a  parallelogram  CBNL, 
whofe  height  CL  is  the  diftance  from  the  beginning 
to  the  hour  III  upon  that  polar  line. 

For  inclining  dials., 

1.  In  the  Geometrical  'work  all  the  difference  is. 
in  the  triangle  GFH  ;  for  in  an  inclining  dial,  you 
muft  take  the  point  G  below  C,  and  H  above  it, 
fee  fig.  37,  and  then  the  horizontal  line  GI  will  be 
below,  and  the  meridian  IH  will  run  upwards  from 
I.  And  the  angle  IOP  or  lOp  muft  always  tend 
to  that  part  of  the  meridian  IZ,  above  1  •,  and 
made  equal  to  the  latitude  •,  and  the  interfedtion  of 
Op  or  OP,  will  always  find  the  center then,  all  the 
reft  is  plain. 

2.  For  the  Calculation ,  the  fame  rules  ferve  as 
for  recliners  ,  only  the  arch  A  is  always  more  than 
90°. 

3.  The  working  by  the  Scale  is.  alfo  the  fame,., 
when  the  requifites  are  found. 

We  may  here  take  notice,  that  a  fouth  weft  re-* 
diner  turned  upfidc  down,  becomes  a  north  weft 
incliner ;  and  a  fouth  eaft  recliner  turned  upfide 
down,  becomes  a  north  eaft  incliner  •,  the  quantity 
of  the  declination  and  inclination  remaining  the 
fame  ;  but  the  hours  muft  be  numbered  contrary. 

Alfo  if  a  dial  be  turned  upfide  down,  the  back-- 
fide  (the  hours  appearing  thro’  the  plane,)  will  be 

I  4  its 


1 
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Fig.  its  oppofite  incline^  But  the  midnight  hours  muft 

38.  be  left  out,  and  fome  others  put  in,  by  producing 
the  reft  thro5  the  center. 

PROS.  XXL 

T'c  draw  a  north  declining ,  reclining  or  inclining  diah 

< 

Examp.  1 . 

Suppofe  a  N.  dial  plane  to  decline  eaftward  25°* 
and  to  incline  1 50,  in  lat.  54T . 

■  c  / 

1.  Geometrically . 

39.  Let  C  be  the  foot  of  the  ftile,  DCE  perpendi¬ 
cular  to  the  horizon,  CF  the  height  of  the  ftile 
perpendicular  to  DE. 

Make  the  angle  CFG  z=  the  proclination  ^  down¬ 
wards,  becaufe  it  inclines,  and  CFH  the  comple¬ 
ment  of  it,  to  cut  DE  in  H  the  zenith. 

Thro5  G  draw  the  horizontal  line  AG  perp.  toDE. 

In  GE  take  GR  zz  GF,  and  make  the  angle  GRI 
equal  to  the  declination  of  the  plane,  to  the  fame 
hand  it  declines,  that  is,  eaft. 

Thro'  I  and  H  draw  the  meridian  or  12  o'clock 
line  HI. 

Thro5  C  draw  CMK  perpendicular  to  HI. 

In  the  line  CH  fet  CM  from  C  to  L,  and  ex¬ 
tend  from  L  to  F,  and  fet  it  from  M  to  O,  in  the 
line  MK;  and  O  is  the  dividing  center  of  HP. 

Draw  GI,  and  make  the  angle  I  OP  downwards, 
equal  to  the  latitude,  and  draw  OP  interfering 
Hi  in  P  the  pole  for  the  center. 

Thro5  P  and  C  draw  PCV  for  the  fubftile. 

Thro5  C  draw  the  contingent  Qft)  perpendicular 
to  the  fubftile  PC,  interfeding  the  meridian  PH 
in  N. 

Take  CT  ^  CF,  and  draw  PTr  and  CPT  is 
the  ftile. 

Take 
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Take  the  neareft  diftance  from  C  to  PT,  and  fetFig. 
it  from  C  to  V,  in  the  fubftile  PCV,  and  draw  VN.  39. 

From  the  center  V  defcribe  a  femiclrcle,  which 
divide  into  hours,  beginning  at  VN.  Then  draw 
lines  from  V  thro'  thefe  points  to  cut  QQj  and  then 
from  P  thro’  the  points  in  QQ,  draw  the  hour  lines. 

2.  By  Calculation. 

Here  the  data  being  the  fame  as  in  ex.  1.  Prob. 
XIX,  all  the  requiiites  will  be  the  fame,  being 
found  by  the  fame  rules  for  an  incliner,  as  for  the 
oppofite  recliner  ;  and  are  as  follows. 


Height  of  the  meridian  83°  <fi 

Arch  A  * — —  73  32 

Arch  B  —  3  Q  2 

Subfile's  difiance  8  1 

Stile's  height  —  17  19 

Plane's  dif.  longitude  25  19 


Here  A  being  greater  than  the  latitude,  your 
pole  is  elevated. 

Then  fee  the  table  belonging  to  that  example. 

Conftrufiion. 

At  the  bottom  of  the  plane,  draw  the  horizon¬ 
tal  line  PY,  and  make  the  angle  YPH  zz  83  9,  to 
the  right  hand,  and  PH  is  the  meridian,  or  12 
o’clock.  Make  the  angle  HPV  zz  8  1,  to  the 
right  hand,  becaufe  the  declination  is  to  the  left, 
and  PY  is  the  fubftile.  Then  from  P  draw  the 
hour  lines,  making  the  angles  with  the  fubftile  P  V, 
as  you  find  them  in  the  table.  Thus  VPi  zz  10 
19,  VP12  zz  25  19,  and  VP 2  zz  4  41,  VP 3  zz 
19  43,  &c.  Make  the  angle  CPT  zz  17  19,  and 
CPT  is  the  ftile. 

3.  By  the  Scale . 

Find  the  requifites  by  Gunter.  At  the  bottom 
of  the  plane,  make  the  angle  YPH  zz  83  9,  and 

angle 
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Fig.  angle  HPV  zz  8  i,  and  PV  is  the  fubftile.  Draw 

39.  bFd  perpendicular  to  PV.  Set  the  pole’s  height 
(17  19),  taken  from  the  line  of  latitudes,  from  P 
to  b  and  dy  and  fet  the  whole  line  of  inclination 
from  b  to  a ,  and  draw  ba ,  da.  Then  take  the  fe- 
veral  hour  angles  (as  in  the  table),  and  fet  from 
a  towards  b  and  d.  Thus  take  4  41  and  fet  from 
a  to  2,  and  from  b  to  8.  Set  19  41  from  a  to  3, 
and  from  b  to  9.  Set  34  41  from  a  to  4,  and 
from  b  to  10,  &c.  Then  from  P  draw  lines  thro5 
all  thefe  points  for  the  hour  lines.  Make  the  angle 
VPT  “i  7  19,  for  the  ftile. 

Example  2. 

Suppcfe  a  north  plane  to  decline  we [l ward  6o°,  and 
recline  52 °,  in  lat.  54-7. 

1.  Geometrically . 

40.  About  the  middle  of  the  plane  take  C  for  the 
foot  of  the  flile  ;  thro’  which  draw  DCE  perpen¬ 
dicular,  and  CF  parallel  to  the  horizon,  and  make 
CF  rz  height  of  the  flile. 

Make  the  angle  CFG  zz  reclination,  upwards 
becaufe  the  plane  reclines,  and  CFH  the  comple¬ 
ment  of  it,  cutting  DE  in  G  and  H  the  nadir. 

Thro’  G  draw  AG  perpendicular  to  DE,  for  a 
horizontal  line. 

In  GD  take  GR  zz  GF,  and  make  the  angle 
GRI  zz  the  declination  (6o°J  j  to  the  fame  hand  it 
declines,  which  is  weft. 

Thro’  I  and  H  draw  the  12  o’clock  line  IH« 

Thro’  C  draw  CMK  perpendicular  to  IH,  cut¬ 
ting  it  in  M. 

In  the  line  CD  fet  CM  from  C  to  L,  and  extend 
from  L  to  F,  and  fet  it  from  M  to  O,  in  the  line 
MK,  for  the  dividing  center  of  PH. 

Draw  OI,  and  make  the  angle  IOP  downwards 
(being  a  north  planej  equal  to  the  latitude  (54H, 

and 
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and  draw  OP,  interfe&ing  IH  in  the  pole  P,  for  Fig. 


the  center  of  the  dial. 


40, 


Thro’  P  and  C,  draw  PCV  for  the  fubftile. 
Thro’  C,  perpendicular  to  the  fubftile  PC,  draw 
QQ,  for  the  contingent,  interfering  the  1 2  o’clock 
line  PH  in  N. 

Take  CT  —  CF,  and  draw  PT  for  the  edge  of 

the  ftile. 

Take  the  neareft  diftance  from  C  to  PT,  and 
fet  it  from  C  to  V  in  the  fubftile  PCV,  and  draw 


VN. 


From  the  center  V  defcribe  a  femicircle,  which 
divide  into  hours  as  ufual,  beginning  at  VN.  Then 
drawing  lines,  from  V  thro5  the  points  in  the  circle 
to  cut  QC>  ;  and  then  from  P  thro5  the  points  in 
QC>  *  and  thefe  laft  will  be  the  hour  lines.  And 
the  hours  muft  be  numbered  from  PN,  1,  2,  3,  4, 
&c.  to  the  left  hand,  and  the  midnight  hours  left  ' 
out. 


2.  By  Calculation. 


As  Sin.  reclination  (520) 
Radius  — 

Cot  an.  declination  (60) 


9.89653 

JO. 


9.76143 


cTan.  height  meridian ,  36  14,  9.86490 


As  Radius  — 

Cof  declination  (60) 
Cotan.  reclination  (52) 


9.69897 

O 


Cotan.  arch  A, 
Colat . 


68  40 
35  30 


Arch  B  104  10 


Here  the  north  pole  is  elevated,  Then, 


Cotan . 
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Cotan.  archB  (104.  10)  9.40212 

Cof  reclination  (52)  9.78934 

S.  declination  (60)  9-93753 

v  - 

19  72687 

2"^.  difiance ,  64  40  10.32475 

rather  115  20.  — . . . 

As  Cof .  fubftile' s  difi .  (64  40)  9.63132 

Cof.  arch  B  (104  10)  9.38871 

Radius  —  10. 

Cof  f  ile's  height y  55  7,  9-75739 


As  Sin.  B  (104  10)  9.98658 

Radius  —  10. 

Sin.  fubft He's  difi.  (64  40)  9.95608 

difi.  longitude ,  68  47,  9.96950 

or  rather  in  13.  - - - - — 

Then  make  a  table  of  hour  arches  placing  68  47 
againft  12,  and  adding  or  fubtra&ing  15  degrees, 
find  the  reft  •,  and  from  them  the  hour  angles,  by 
the  following  analogy,  which  put  into  the  table  as 
ufual.  But  the  midnight  hours  muft  be  left  out. 
Radius  : 

S.  file's  height  :  : 

(Tan.  any  hjour  arch  : 

fan.  hour  angle  from  the  fubfiifo. 


\ 


Hours. 
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Hours. 

hour 

arches. 

hour 

angles. 

1 1 

83  47 

82  2  6 

12 

68  47 

64  41 

1 

53 

47 

48 

15 

2 

3«  47 

33 

24 

3 

23 

47 

>9 

53 

4 

8  47 

Subftile 

7 

J3 

5 

6  13 

5 

6 

6 

21  13 

17  40 

7 

36  *3 

3l 

0 

8 

51 

!3 

45  36 

9 

66  13 

61  45 

10 

8  r 

J3 

79  20 

125 

Fig. 

40. 


Conftrufiion. 

From  a  convenient  point  P  for  the  center,  draw 
the  horizontal  line  PY.  Make  the  angle  YPI.zz 
36  1 4,  the  height  of  the  meridian  to  the  right,  and 
draw  the  12  o’clock  line  IPN  quite  thro’  the  center. 
Alfo  make  the  angle  NPY  zz  64  40,  the  fubftile’s 
diftance,  on  the  left  hand,  as  the  declination  is  weft, 
and  draw  the  fubftile  PY.  Then  from  P  draw  the 
hour  lines,  to  make  angles  with  the  fubftile  as  in 
the  table ;  and  the  hours  that  are  wanting  draw  thro’ 
the  center,  leaving  out  the  midnight  hours.  Make 
the  angle  VPT  zz  55  7  the  ftile’s  height,  and  CPT 
is  the  ftile. 

3.  By  the  Scale. 

Find  the  requifites  by  Gunter,  or  otherwife  ;  and 
draw  PY  parallel  to  the  horizon.  And  make  the 
angle  YP;  j  3614  the  height  of  the  meridian, 
and  draw  IPN  ;  and  make  NPV  zz  64  40,  the 
fuoftiie’s  diftance  ^  and  draw  the  fubftile  PY  *,  and 
draw  b?d  perpeadicular  to  PY  5  and  from  the 

line 
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Fig.  line  of  latitudes  take  55  7  the  pole’s  height,  and 
40.  fet  from  P  to  b  and  d .  Then  fet  the  whole  line  of 
inclination  from  b  to  a ,  and  draw  ha ,  da.  Then 
having  a  table  of  hour  arches,  take  them  from  the 
line  of  inclination,  and  fet  them  from  a  towards  b 
and  J,  in  the  lines  ab ,  ad\  and  draw  lines  from  P 
through  thefe  points  5,  6,  7,  8,  4,  3,  2,  &c,  for 
the  hour  lines.  Make  the  angle  CPT  zz  55  7, 
and  CPI  is  the  ftile.  The  other  hour  lines  that 
are  wanting,  muft  be  drawn  thro5  the  center. 

If  A  be  =  the  latitude,  then  B  is  90°,  and  the 
fubftile’s  diftance,  and  plane’s  dif.  longitude  are 
alfo  900,  and  the  ftile’s  height  is  found  by  this  pro¬ 
portion  ^  rad :  S.  declination  :  :  cof  reclinaticn  :  cof, 
ftile' s  height . 

If  A  be  lefs  than  the  latitude  *3  then  B,  the  fub¬ 
ftile’s  diftance,  and  plane’s  dif.  longitude,  will  be 
lefs  than  90. 

If  A  be  greater  than  the  latitude,  then  B  and 
the  fubftile’s  diftance,  are  greater  than  90°  *,  as  in 
this  example,  where  IPV  is  greater  than  a  right 
angle. 

For  inclining  dials * 

In  thefe,  the  point  G  will  be  below  C,  and  H 
above  it  ♦,  and  the  angle  IOP  muft  be  taken  down¬ 
wards  from  I,  which  reprefents  a  point  of  the  ho¬ 
rizon.  The  calculation,  and  projeftion  by  the 
fcale,  are  the  fame  as  in  the  oppoftte  recliners  ;  but 
the  contrary  pole  will  be  elevated.  Hence  we  may 
know,  that  if  we  want  a  north  eaft  in  diner,  we 
muft  make  a  fouth  eaft  recliner,  and  turn  it  upfide 
down.  Or  if  we  want  a  north  weft  incliner,  we 
muft  make  a  fouth  weft  recliner,  and  turn  it  up- 
fide  down  :  but  the  hours  muft  be  numbered  the 
contrary  way  from  the  meridian.  Alfo  any  dial 
being  made  for  a  reclining  plane  ;  the  ftile  and 

hours 
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hours  produced  thro5  the  plane,  will  make  a  dial,  Fig* 
for  the  oppofite  or  inclining  fide  of  the  plane. 

I  fhall  here  add  two  or  three  more  examples, 
with  the  requifites,  hour  diftances,  and  hour  angles  ; 
leaving  the  conftruaion  thereof,  for  the  exercife 
of  the  young  ftudent. 

Ex.  1. 

Suppofe  a  S.  E.  plane  declines  25°,  and  reclines  19°, 
in  the  lat.  54^. 


Height  of  the  meridian 

8i° 

22 

Arch  A  — 

69 

12 

Subfile's  diftance 

5 

59 

Stile's  height 

*3 

27 

Plane's  dif.  longitude 

24 

15 

Hours 

hour 

arches. 

hour 

angles. 

5 

6 

80  45 

65  45 

55  °° 

27  18 

7 

50 

45 

*5  53 

8 

35  45 

9  3° 

9 

20  45 

5  2 

10 

5  45 

Subftile 

1  20 

1 1 

9 

15 

2  10 

1 2 

24 

*5 

5  59 

Ex.  2. 

A  N.  IV.  plane  declines  55°,  and  reclines  2  of  *,  lat* 
54°4-* 


Height  of  the  meridian  63°  25* 

Arch  A  —  3]  6 

Sub  (tile's  diftance  62  57 

Stile's  height  36  39 

Plane  s  dip.  longitude .  73  3 


Hours 
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*  * 


Hours.  ! 

hour 

arches. 

hour 

angles. 

2 

76  57 

68  47 

3 

61  57 

48  15 

4 

46  57 

32  55 

5 

31 

57 

20  25 

6 

10  57 

IO  19 

.  7 

1  57 

I  IO 

Subflile 

8 

*3 

3 

7  53 

9 

28 

3 

'7  39 

Ex.  3. 

A  N.  E.  plane  declines  500,  and  reclines  700,  in  laU 
54v» 


Height  of  the  meridian 

4*° 

46' 

Arch  A  —  — 

1 3 

10 

Subftile's  diftance  — 

147 

29 

Stile9 s  height  • 

Plane's  dif.  longitude 

63 

1 3 

35 

32 

Hours. 
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Hours, 

hour 

arches. 

hour 

angles. 

4 

84  28 

S3  48 

5 

69  28 

67  14 

6 

54-  28 

51  20 

7 

39  28 

36  19 

8 

24  2  8 

22 

6 

9 

9  28 

Subftile 

8 

28 

IO 

5 

32 

4 

i9 

1 1 

20  32 

18  29 

12 

35 

32 

32 

3l 

£ 

50 

32 

47 

19 

2 

%  32 

62  59 

3 

80  32 

79 

25 

Scholium, 

In  ali  thefe  forts  of  dials,  the  horizontal  line  is 
of  great  ufe,  and  ought  to  be  kept  on,  when  the 
other  lines  are  rubbed  out ;  for  by  the  help  of  that* 
the  dial  is  fet  up  in  its  true  pofition,  Alfo  in  all 
kinds  of  dials,  that  fhow  the  hour,  &c.  by  a  per¬ 
pendicular  pin,  the  horizontal  line  cuts  off  all  fu- 
perfluous  lines  in  every  dial,  which  can  never  be 
touched  by  the  ihadow  of  the  ftile,  For  what  is 
above  that  line  is  of  no  ufe,  becaufe  the  fun  is  be- 
low  the  horizon,  and  cannot  then  fhine  on  the  dial* 
or  cafl:  any  fhade  above  the  horizontal  line  ;  eicept 
the  dial  happen  to  be  fhifted  to  a  new  place. 
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7*0  draw  any  hour  line ,  when  the  line  from  the  cen¬ 
ter  of  the  dividing  circle ,  does  not  cut  the  contingent 
line ,  within  the  plane. 


Let  C5  be  the  hour  line  to  be  found,  where  the 
12  ’  dividing  line  N/z  drawn  from  the  center  N  of  the 
circle,  does  not  reach  the  contingent  line  AB.  Try 
how  near  the  dividing  line  N/z,  approaches  the  con¬ 
tingent  AB,  about  the  fide  of  the  plane,  as  within 
f,  y,  & c.  of  NQ.  Take  fuch  a  part  of  NQ, 
at  which  difiance  from  Q,  draw  an  obfcure  paral¬ 
lel  to  AB,  to  cut  Nzz  in  c  draw  chr  parallel 
to  the  fubftile  NQ.  Then  take  the  fame  part  of 
QC  (as  f,  L  &c.),  and  fet  it  from  h  to  a,  in  the 
parallel  cr,  and  thro’  a  draw  the  hour  line  C5. 

Or  thus.  When  the  dividing  line  Nzz  approaches 
the  contingent  AB  very  flowly  ;  draw  Cr,  N f  pa¬ 
rallel  to  AB.  And  fee  what  part  of  NQ_  (as 
y,  y,  y,  &c.)  the  line  N n  is  difiant  from  N f  near 
the  edge  of  the  plane.  Set  that  part  from  N  to¬ 
wards  Q,  from  which  point  draw  an  obfcure  pa¬ 
rallel  to  AB,  to  cut  N n  in  c;  then  thro’  c  draw  fr 
parallel  to  NQj  and  take  the  fame  part  of  CQ> 
and  fet  from  r  to  a  \  and  thro’  a5  draw  the  hour 
line  C5. 

When  the  end  n  of  the  line  N/z  comes  nearer  AB 
than  N/,  the  former  way  is  to  be  ufed  ^  but  when 
it  comes  nearer  N/,  the  latter  method. 

The  reafon  of  this  operation  is,  that  CQy.  QN  : ; 
ha  :  he  :  :  ra  :  /c,  by  fimilar  triangles. 


P  R  O  B.  XXIII. 

T’o  draw  a  dial  upon  the  deling  of  a  room ,  which 
will  foew  the  hours  hy  reflexion. 

Place  a  frnall  piece  of  a  looking  glafs  exadtly 
horizontal  in  a  window,  where  the  fun  fliines  j  mea- 

fure 
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fure  the  perpendicular  diftance  from  the  glafs  to  Fig* 
the  cieling,  for  the  height  of  the  ftile  ;  and  where  i2. 
the  perpendicular  cuts  the  cieling.  is  the  foot  of 
the  ftile.  Then  having  the  height  of  the  ftile,  and 
its  foot ;  make  a  horizontal  dial  thereto  upon  the 
cieling  (by  Frob.  VII.)  •,  and  that  will  be  your  dial. 

The  glafs  is  belt  placed  pretty  high,  as  upon  the 
tranfom. 

This  dial  is  no  more  than  a  horizontal  dial,  41. 
turned  upfide  down.  For  let  CB  be  the  cieling,  G 
the  glals,  GC  perpendicular  to  the  cieling,  and 
equal  to  CF.  Then  if  AG  be  a  ray  of  the  fun, 
reflected  from  G  to  the  cieling,  and  FB  a  direbt 
ray.  Then  the  direbt  rays  AG,  FB  will  be  parallel, 
and  therefore  the  angle  CFB  zz  angle  CGA,  and 
CGA  zz  CGB,  becaufe  the  angle  of  incidence  is 
equal  to  the  angle  of  reflexion.  Therefore  CFB  zz 
CGB,  and  GC  being  equal  to  CF,  the  direbt  ray 
FB  and  the  refiebted  ray  GB  will  fall  upon  the  fame 
point  B,  of  the  cieling.  Therefore  if  a  dial  be 
made  on  the  plane  CB,  for  the  ftile  CF,  to  (hew 
the  hour  by  the  direbt  rays  FB,  it  will  ferve  equally 
for  the  reflected  rays  GB. 

For  the  drawing  of  this  dial,  a  meridian  line 
muft  be  had ;  therefore  at  1 2  o’clock,  when  the 
fun  is  in  the  meridian,  hang  up  a  line  and  plummet 
clofe  by  the  glafs,  mark  its  fhadow  in  the  floor 
with  chalk  ;  transfer  this  to  the  cieling,  by  help  of 
a  plumb  line,  and  it  will  be  the  1 2  o’clock  line. 

If  your  window  does  not  face  the  foutb,  you  may 
draw  an  eaft  and  weft  line,  thus.  Calculate  the  fun’s 
altitude  when  eaft  or  weft  •,  then  obferve  with  a 
quadrant  when  he  has  that  altitude  ♦,  and  at  that 
moment  hold  up  a  line  and  plummet,  clofe  to  the 
glafs,  thick  enough  to  call:  a  fhade  to  the  oppofite 
wall,  this  carried  up  to  the  cieling  gives  the  point 
of  eaft  or  weft. 

K  2 
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Fig.  It  will  be  belt  to  draw  your  dial  firft  upon  a, 
41.  large  paper,  and  when  that  is  done,  draw  a  line 
perpendicular  to  the  meridian  to  cut  all  the  hour 
lines  ;  and  then  meafure  the  feveral  diftances  of 
the  hour  lines  from  12,  upon  this  line,  in  inches; 
and  alfo  the  diftance  of  this  line  from  the  foot  of 
the  ftile.  Then  draw  a  line  on  your  deling  as  ma¬ 
ny  feet  from  the  foot  of  the  ftile,  on  which  fet  off 
the  feveral  hour  points  in  feet,  which  were  mea- 
fured  before  in  inches  ;  thro’  which  draw  the  hour 
lines  to  the  center  of  the  dial.  But  becaufe  the  foot 
of  the  ftile  is  commonly  within  the  wall,  and  the 
center  without  doors  ;  it  will  be  neceffary  to  draw 
two  perpendiculars  to  the  meridian,  and  get  the 
hour  points  in  both,  thro’  which  the  hour  lines  muft 
be  drawn. 

If  you  would  continue  the  hour  lines  along  the 
fades  of  the  room  ;  draw  them  firft  quite  thro5  the 
deling  till  they  cut  the  walls.  Then  a  plane  paff- 
ing  through  any  hour  line  and  the  glafs,  will  cut 
any  wall  in  the  fame  hour  line.  Therefore  extend 
a  thread  from  the  glafs  to  the  extremity  of  any 
hour  line  upon  the  deling,  which  keep  fixt  there. 
Then  extend  another  thread  acrofs  it,  from  the  o- 
ther  end  of  the  fame  hour  line,  juft  to  touch  the 
former  thread,  and  to  reach  to  the  oppofite  wall ; 
it  will  touch  that  wall  in  a  point,  thro5  which  the 
fame  hour  line  is  to  pafs. 

Note ,  inftead  of  a  glafs,  you  may  ufe  a  little 
water,  which  of  itfelf,  will  always  have  its  furface 
horizontal ;  for  if  the  glafs  be  not  horizontal,  the 
error  by  the  reflexion  will  be  doubled.  And  the 
water  being  always  in  motion,  by  the  agitation  ot 
the  air  *,  makes  the  point  of  reflexion  on  the  cieling 
more  eafily  diftinguilhed. 

Cor.  After  the  fame  manner,  a  dial  may  he  made 
on  the  floor  of  a  room ;  to  fhew  the  hour ,  by  the  flea* 
dow  of  a  black  Jpot  in  the  window . 


For 
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For  let  CB  be  the  floor,  and  F  a  place  in  the  Fig, 
window  upon  which  you  muftftick  a  patch  fo  large  41. 
as  to  give  a  fhadow  in  the  floor.  Then  if  FC  be 
taken  for  the  height  of  the  ftile,  and  C  for  its 
foot.  And  a  horizontal  dial  be  made  on  the  floor, 
to  the  ftile  CF,  whofe  height  you  mud  meafure  ; 
it  is  evident,  the  fhadow  of  the  point  F  upon  the 
floor  will  fhew  the  hour  of  the  day. 

PROB,  XXIV. 

To  find  what  latitude  a  dial  is  made  for. 

Meafure  the  angle  that  the  ftile  makes  with  the 
plane  or  the  dial,  and  that  will  be  the  latitude,  if  it 
was  a  horizontal  dial ;  or  the  complement  of  the 
latitude,  if  it  was  an  eredt  fouth*dial. 

But  if  the  dial  has  no  ftile,  as  it  may  happen 
to  be  broken  off  by  fome  accident.  Then  meafure 
the  angle  between  the  hour  lines  of  12  and  3,  or 
12  and  9.  Then  find  the  tangent  of  this  angle; 
feek  that  tangent  among  the  fines,  and  the  arch  be¬ 
longing  to  it,  is  the  latitude,  if  it  is  a  horizontal 
dial ;  or  the  complement  of  the  latitude,  if  it  is  a 
full  fouth  dial,  or  a  full  north  one. 

Or  in  general ,  meafure  the  angle  between  1 2  and 
any  hour  line  ;  then  take  the  hour  arch  belonging  \ 
and  fay, 

As  Tang,  hour  arch  : 

Tan  hour  angle  :  : 

So  Radius  : 

S.  latitude  for  a  horizontal  dial,  or  cof  latT 
tude  for  a  diredt  fouth  or  north  dial. 

PROB.  XXV. 

How  to  place  a  dial  in  a  true  fituation . 

Before  any  dial  can  be  truly  drawn  upon  a  plane, 
it  is  neceiTary  to  have  the  fituation  of  that  plane, 

K  3  fuch 
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Fig.  fuch  as  the  inclination  and  declination,  and  the  la¬ 
titude  of  the  place,  which  are  the  necefTaiy  data 
for  conftru&ing  it.  And  when  the  dial  is  drawn, 
it  is  equally  neceftary  to  place  it  in  the  fame  fitua- 
tion,  or  elfe  it  can  never  fhew  the  time  truly.  If 
the  dial  was  drawn  upon  a  fixt  plane,  there  is  no 
more  to  be  done  with  it ;  but  if  it  is  upon  a  loofe 
moveable  plane,  it  will  require  the  fame  operati¬ 
ons  to  let  it  up,  as  were  ufed  in  determining  its 
fituation. 

n  the  placing  any  dial,  the  three  following  di¬ 
rections  mult  be  obferved.  i.  That  the  horizon¬ 
tal  line,  which  is  drawn  for  this  purpofe,  be  placed 
parallel  to  the  horizon.  2.  That  it  be  placed  fo  as 
to  have  its  proper  declination.  3.  That  it  may 
have  its  proper  degree  of  reclination  or  proclina- 
tion.  Thefe  rules  ferve  generally  for  all  dials,  and 
muft  be  exaffly  performed,  if  you  would  expert 
the  dial  to  go  truly. 

Ima  horizontal  dial,  the  meridian  mull  be  fet 
north  and  fouth,  which  may  be  done  by  Prob.  I. 
or  by  help  of  a  line  and  plummet  held  up  at 
12  o’clock.  Then  the  meridian  or  12  o’clock  line 
mull  be  placed  perfectly  level ;  and  fo  muft  the 
6  o’clock  hour  lines.  And  this  may  be  done  by 
help  of  a  level,  or  with  a  quadrant. 

In  a  full  fouth  dial,  the  plane  of  it  muft  face  the 
fouth  diredly,  which  may  be  done  by  a  compafs, 
or  fetting  it  to  twelve  o’clock,  exactly  at  noon. 
And  the  12  o’clock  line  muft  be  perpendicular  to 
the  horizon,  which  may  be  fet  by  a  plumb  line. 
Alfo  the  plane  of  the  dial  muft  be  placed  perpen¬ 
dicular  to  the  horizon,  to  be  done  alfo  by  a  plumb 
line. 

In  upright  declining  dials,  the  12  o’clock  line 
muft  be  fet  perpendicular  by  a  line  and  plummet ; 
as  alfo  the  plane  of  the  dial.  And  it  muft  have  its 
proper  declination,  and  this  may  be  done  by  help 

of 
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of  a  compafs,  or  more  exa&ly  by  the  fun’s  altitudeFig. 
and  azijnuth,  as  defcribed  in  Prob.  III. 

And  laftly  in  declining  reclining  dials,  the  hori¬ 
zontal  line  muft  be  fet  parallel  to  the  horizon.  And 
the  declination,  fet  out  by  the  compals,  or  by  the 
fun’s  altitude  and  azimuth.  And  the  fame  recli- 
nation  muft  be  given  to  the  dial  as  it  was  cal¬ 
culated  for ;  the  method  whereof  is  defcribed  in 
Prob.  II. 

The  greateft  difficulty  is  to  fet  a  dial  to  the  true 
declination.  Therefore  if  you  have  a  watch  truly 
fet,  and  the  dial  have  its  proper  pofition  in  other 
refpedts.  Then  if  the  fun  ffiines,  you’ll  fee  whether 
the  watch  and  the  dial  agree  or  not ;  if  not,  alter 
the  declination  till  they  do  agree.  And  if  the  ho¬ 
rizontal  line  be  now  parallel  to  the  horizon,  and 
the  dial  have  its  proper  inclination,  and  the  time 
agrees  with  the  watch,  you  may  conclude  your  dial 
truly  fet  j  and  there  it  muft  be  fixt. 

PROB.  XXVI. 

Any  dial  being  made  for  one  place ,  how  to  fet  it  up 
in  any  other  place ,  to  Jhew  true  time . 

If  you  would  fet  it  by  the  rules  of  this  art,  you 
muft  know  the  latitude  it  was  made  for,  and  the 
declination  and  inclination,  if  it  has  any.  Thefe 
things  being  had,  its  fituation,  in  its  original  place 
is  known.  Therefore  to  fet  it  in  any  other  latitude, 
you  muft  place  it  in  a  fituation  quite  parallel  to  its 
firft  fituation,  and  the  thing  is  done. 

For  a  horizontal  dial,  note  the  difference  of  la¬ 
titude  between  its  original  place  and  your  place* 
Then  raiie  the  north  fide  of  the  dial,  if  it  be  car¬ 
ried  northward,  or  the  fouth  fide,  if  it  is  carried 
fouthward  ;  fo  many  degrees,  as  is  the  difference 
of  latitude  $  and  there  fix  it. 

IC  4 
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Fig,  For  an  upright  fouth  or  north  dial,  fet  it  to  lean 
towards  the  fouth  if  it  is  carried  northward ;  or 
towards  the  north,  if  carried  fouthward,  as  many 
degrees  as  is  equal  to  the  difference  of  latitude. 
And  if  it  reclined  or  proclined  before,  north  or 
fouth  ;  it  muft  be  made  to  recline  or  procline,  fo 
much  more,  or  fo  much  lefs,  as  the  cafe  requires. 

A  full  eaft  or  weft  upright  dial  muft  be  fee  to 
face  the  eaft  or  weft ;  but  the  horizontal  line  muft 
be  elevated  at  the  north  end,  if  it  is  carried  north  $ 
or  the  fouth  end  if  carried  fouth,  as  many  de¬ 
grees  as  the  difference  of  latitude  comes  to. 

42,  For  all  forts  of  declining  dials,  new  requifites. 
muft  be  found  to  fet  them  up  by.  Let  AB  be  the 
meridian,  B  the  place  it  was  made  for,  A  the  place 
it  is  to  fet  up  in.  Make  the  angle  GBF  "  decli¬ 
nation  of  the  plane,  BD  the  reclination  of  the 
plane,  and  BF  its  complement.  Let  F  be  the 
pole  of  the  great  circle  DE,  and  thro*  A  draw  the 
parallel  circle  CA,  alfo  draw  FAE,  Then  in  the 
fpherical  triangle  FBA,  there  are  given  FB  the 
comp,  reclination,  the  angle  FBA  the  fupplement 
of  the  declination,  and  BA  the  difference  of  lati¬ 
tude.  To  find  FA  the  comp,  reclination  at  A; 
the  angle  FAB  the  declination  at  A  ^  and  angle 
AFB  the  elevation  of  the  horizontal  line  of  the 
dial,  above  the  horizon  at  the  place  A.  And  ac¬ 
cording  to  thefe  new  requifites,  when  found,  the 
dial  muft  be  fet  up  *,  and  not  by  the  declination 
and  reclination  at  B,  where  it  was  made.  And  this 
holds  for  the  oppofite  inclining  plane. 

For  fince  BD  is  the  reclination,  if  the  dial  is  re¬ 
moved  to  D,  it  will  be  an  upright  dial,  and  fo  it 
will  be  at  E  ;  and  when  brought  to  A,  and  fet  pa¬ 
rallel,  AE  will  be  its  reclination,  the  fame  as  it 
would  have  at  C,  or  in  any  place  of  the  parallel 
circle  AC,  for  it  will  always  be  in  the  plane  of  it. 
Therefore  FAB  will  be  the  declination  at  A.  And 
fince  the  horizontal  line  of  the  dial  is  parallel  to 

the 
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the  horizon,  when,  the  dial  is  at  C,  or  any  where  Fig* 
in  the  circle  FD  ;  therefore  when  it  is  removed  from  42* 
C  to  A  (in  a  quite  parallel  pofition)  being  ftill  in 
the  plane  of  the  circle  CA,  that  end  of  the  hori¬ 
zontal  line  next  A,  milft  needs  be  elevated  above 
the  horizon  at  A,  to  an  angle  equal  to  the  arch 
CA  or  DE,  or  the  angle  BFA  ;  or  the  end  next  C, 
deprefled  fo  much. 

It  may  be  noted,  that  in  an  eaft  and  weft  re¬ 
el  iner,  FBA  will  be  a  right  angle.  And  in  an  up* 
right  decliner,  FB  will  be  a  quadrant,  or  BA  will 
coincide  with  DE,  and  FA  will  be  greater  or  lefs 
than  a  quadrant,  according  as  the  angle  FBA  i$ 
obtufe  or  acute. 

Otherwife . 

This  Prob.  may  alfo  be  done  mechanically,  af¬ 
ter  this  manner.  Stretch  a  thread,  or  rather  a  wire, 
between  two  fixt  points,  fo  that  it  may  be  parallel 
to  the  earth’s  axis,  or  point  diredtly  to  the  pole. 
Then  take  your  dial,  and  fet  the  edge  of  the  ftile 
clofe  to  the  wire,  or  at  leaft  parallel  to  it,  and  con¬ 
tinuing  it  fo,  turn  the  dial  gently  about  this  axis, 
till  the  fun,  ftiining  on  it,  fhews  the  true  hour  of 
the  day  5  which  may  be  known  by  a  clock,  or  by 
another  dial.  There  fix  your  dial  j  or  at  leaft  keep 
it  in  that  pofition,  till  you  take  the  declination, 
and  reclination  of  it,  as  has  been  fliewn  before  5 
and  then  the  dial  may  be  fet,  from  thefe  requifites 
obtained. 

4 

Cor.  H?nce  you  may  place  a  dial ,  fo  as  to  Jhew  the 
hour  of  the  day  in  any  given  place  of  the  world . 

For  if  the  ftile  be  held  clofe  to  the  wire,  as  be¬ 
fore  directed,  and  the  dial  be  turned  gently  about 
the  wire  and  ftile,  as  an  axis  ;  till  the  fun  fhews 
the  time  fo  much  more  than  the  true,  as  the  lon¬ 
gitude  of  the  faid  place  is  more  eaft  than  your 
place  5  or  elfe  that  it  ihew  the  time  fo  much  lefs 

than 
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Fig^  than  the  true,  as  the  place  differs  in  longitude  welt- 
ward.  There  fix  the  dial,  and  it  will  always  fhew 
the  true  time  at  that  place.  Here  1 5  degrees  of 
longitude  is  equal  to  an  hour,  30  to  two  hours, 
45  to  three  hours,  &c.  Therefore  the  dial  being 
fet  fo  much  falter  for  a  place  of  eaft  longitude ;  or 
fo  much  flower  for  a  place  in  weft  longitude,  will 
conftantly  fhew  the  hour  of  the  day  at  the  other 
place. 

P  R  O  B.  XXVII. 

To  find  the  hour  of  the  night  by  the  moon's  fihining 
upon  a  fun  dial . 

Get  the  moon’s  age,  or  the  number  of  days  from 
either  change  or  full,  to  the  prefent  time  ;  and  take 
V-o  thereof  for  the  number  of  hours  that  the  moon 
is  behind  the  fun.  Add  thefe  hours  to  the  time 
fhewn  by  the  moon,  on  the  dial  *,  throwing  out  1 2  if 
it  exceed,  and  you  have  the  hour  of  the  night. 

Or  thus.  If  you  know  the  time  of  the  moon’s 
fouthing,  count  how  many  hours  and  minutes  the 
fhadow  on  the  dial  wants  of  12  o’clock  •,  fubtradt 
them  from  the  time  of  her  fouthing,  for  the  hour 
of  the  night.  But  if  the  fhadow  be  after  12,  add 
thefe  hours  and  minutes  (on  the  dial)  to  the  time 
of  her  fouthing,  rejecting  12,  if  it  exceed  ;  and 
you  have  the  hour  of  the  night. 

Scholium. 

Before  I  leave  this  fedion,  I  fhall  put  together  a 
few  general  obfervations,  which  a  diallifl  ought 
always  to  remember. 

1.  In  drawing  any  dial,  work  with  obfeure  lines, 
or  fuch  as  may  be  rubbed  out  again  ;  for  we  have 
no  farther  occafion  for  them  after  the  hour  lines, 
and  fubftile,  are  obtained. 

3.  It  is  bell  to  fix  the  ftile  upon  the  fubftile, 

before 
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before  the  dial  is  drawn-,  for  for  it  will  be  diffi-Fig. 
cult  to  fix  it  truly  after.  And  it  muft  always  ftand 
perpendicular  to  the  plane  of  the  dial. 

3.  In  all  dials,  efpecially  fuch  as  are  troublefome 
to  draw  ;  to  have  it  exadly  done,  firft  make  a 
draught  of  it  upon  paper ;  and  then  transfer  all 
the  lines  from  thence  to  the  dial  plane. 

4.  In  every  dial,  the  thicknefs  of  the  {tile  is  to 
be  confidered  ^  and  a  fpace  left  at  the  fubftile,  e- 
qual  to  its  thicknefs  -,  juft  as  if  the  dial  was  to  be 
cut  thro’  at  the  fubftile,  and  the  two  parts  fepa- 
rated,  to  a  diftance  equal  to  the  thicknefs  of  the 
ftile.  And  therefore  it  fhould  be  made  fo  at  firft. 

5.  If  the  fun  is  to  fhine  more  than  12  hours  on 
the  dial ;  you  may  get  the  remaining  hours,  which 
you  want,  by  producing  the  hour  lines  already 
drawn,  thro5  the  center. 

6.  When  the  center  of  the  circle  is  found,  that 
is  to  divide  the  contingent  line,  which  may  be  ta¬ 
ken  on  either  fide  of  it  you  may  defcribe  a  cir¬ 
cle  with  any  radius,  and  it  is  be  ft  done  by  a  line 
of  chords  -,  and  the  hour  arches  let  off  thereby. 

For  in  all  circles,  that  are  alike  divided,  the  radii 
will  cut  the  contingent  in  the  fame  points. 

7.  If  you  would  have  half  hours  or  quarters 
upon  your  dial,  you  muft  divide  each  hour  of  your 
circle  in  halves  or  quarters,  and  draw  lines  thro5  the 
points  to  cut  the  contingent  line,  as  in  whole  hours. 

And  in  the  calculation,  inftead  of  1 5  degrees  ;  add 
continually  y°  3d  for  half  hours,  or  30  4 cj  for 
quarters,  and  calculate  accordingly. 

8.  In  any  dial,  leave  out  the  midnight  hours  ; 
and  all  hours,  at  which  time  the  fun  can  never 
fhine  on  the  dial. 

9.  In  any  dial,  place  the  numbers  for  the  hours, 
fo  as  to  be  moft  legible ;  therefore  it  would  be  ab- 
furd  to  place  them  upfide  down,  in  regard  to  the 
fpecfator. 

10,  Every 


i40  DIALLING, 

I'ig.  10.  Every  dial  muft  be  fo  placed,  that  the  up- 
per  edge  of  the  ftile  may  point  direCtly  to  the  pole  ; 
and  that  the  horizontal  line  be  perfectly  level ;  and 
that  it  have  its  proper  declination  and  inclination. 
And  in  an  upright  dial,  that  the  12  o’clock  line  be 
perpendicular  to  the  horizon. 

11.  When  any  dial  plane  pafles  thro9  the  pole, 
it  requires  an  equinoctial  horizontal  dial  to  be  made. 
And  the  ftile  will  be  parallel  to  the  plane. 

12.  Every  dial  is  too  fall  in  the  morning,  and 
too  flow  in  the  evening  ;  owing  to  the  refra&ion  of 
the  fun-beams,  by  which  the  fun  is  raifed  higher, 
and  the  fliadow  brought  nearer  the  fubftile. 

I2.  13.  To  draw  any  hour  line  C5  (fig.  12.)  when 

it  does  not  cut  the  contingent  within  the  plane. 
From  the  centers  C,  N,  draw  O,  N/,  parallel  to 
the  contingent  AB.  Try  how  much  the  projecting 
line  N»  advances  towards  the  contingent  AB  near 
the  edge  of  the  plane  at  h ,  as  f,  f  or  -l,  &c.  of  NQ. 
Take  fucn  a  part  of  NQ^  in  your  compafles,  and 
running  one  foot  along  Nf  ( or  QB),  mind  where 
the  other  cuts  N 0,  as  at  c  (the  feet  of  the  compafles 
being  parallel  to  NQ).  Thro’  c  draw  fr  parallel 
to  the  fubftile  NC.  Then  take  ra9  (or  ha)  the  fame 
part  of  rh  (as  fc  (or  he)  is  of  fh ,  as  f9  f,  &c.)  Then 
thro’  a,  draw  the  hour  line  Ca$.  See  alfo  fig.  28. 

Or  thus .  To  draw  C7  ;  draw  gp  parallel  to  C2, 
which  is  6  hours  from  C8,  to  cut  the  hour  lines 
C8,  C9,  in  d  and  h.  Set  db  from  d  to  / thro’  / 
draw  the  hour  lines  C7, 
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SECT.  III. 

Fhe  ConftruSlion  of  fome  other  forts  of 
Dials  y  and  drawing  the  Parallels  if 
Dedinationy  Parallels  of  Altitude , 
and  other  fuch  Furniture  upon  Dials, 
A  Fable  of  Latitude  and  Longitude 
of  Places, 
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To  make  a  Dial  upon  the  furface  of  a  fphere. 

This  is  done  without  any  ftile,  only  by  the 
line  bounding  light  and  darknels.  There¬ 
fore  get  a  fphere  or  globe,  AEBQ,  and  mark  two 
points  of  it,  diametrically  oppofite,  for  the  two 
poles,  of  which  P  is  one.  In  the  middle  between 
thefe  poles  defcribe  the  equino&ial  EQ,  which  may 
be  done  thus  ;  open  the  compares  to  a  quadrant’s 
diftance,  and  fetting  one  foot  in  P,  with  the  other 
defcribe  the  equinoctial  EQ,  which  divide  into  24 
equal  parts,  for  hours.  Then  mark  thefe  divifi- 
ons  thus ;  put  6  to  the  top,  and  7,  8,  9,  10,  ix, 
x  2,  fucceffively  to  the  other  divifions  on  the  left 
hand,  and  5,  4,  on  the  right ;  thefe  are  to  be 
placed  above  the  equinoCHal  for  the  forenoon  hours. 
Again  to  the  fame  point  6,  put  6  under  the  equi¬ 
noctial,  and  5,  4,  3,  2,  1,  12  on  the  right  hand, 
and  7,  8,  on  the  left*,  thefe  are  for  the  afternoon 
hours.  Then  the  globe  is  to  be  fixed  fo  in  the  fun, 
that  the  pole  P  may  be  elevated  above  the  horizon, 
as  much  as  is  the  latitude,  or  fo  that  its  axis  may 

point 


142  DIALLING. 

Fig.  point  direCtly  to  the  pole  ;  and  the  point  6  muft  be 
44.  on  the  top,  fo  that  the  circle  P6B  may  be  in  the 
meridian.  Then  as  the  fun  conftantly  illuminates 
half  the  globe  ;  the  circle  terminating  the  enlight¬ 
ened  part,  will  always  fhew  the  hour  of  the  day, 
where  it  cuts  the  equino&ial  EQ.  And  12  o’clock 
is  fhewn  at  two  places,  E  and  Q ;  at  E  at  the  end 
of  the  forenoon  hours ;  and  at  at  the  begin¬ 
ning  of  the  afternoon  hours. 

P  R  O  B.  II. 

.  1 

T 0  make  a  common  ring  dial  for  any  latitude . 


This  dial  muft  be  made  of  a  ftreight  plate  of 
brafs,  before  it  is  turned  into  a  ring  •,  for  it  would 
be  troublefome  to  engrave  the  numbers  on  the  in- 
fide  after  it  is  turned.  Let  ABGD  be  the  ring,  per¬ 
fectly  circular,  whofe  breadth  is  li.  This  ring  is  to 
be  fufpendedat  A,  and  is  to  fhew  the  hour  of  the 
day  by  the  fun’s  fhining  thro’  a  hole  on  the  fide  AE 
in  the  fummer  months,  and  falling  among  the  figures 
on  the  oppofite  fide  8,  7,  6,  5,  &c.  placed  on  the 
infide  of  the  rim.  And  in  the  winter  months  the 
fun  is  to  fhine  thro’  a  hole  in  the  fide  AD,  among 
the  figures  on  the  infide  of  AE  Now  fince  the 
fun’s  height  is  different  at  different  times  of  the 
year,  the  hole  it  fhines  thro’,  muft  be  moved  high¬ 
er  and  lower  according  to  the  fun’s  declination,  or 
which  is  the  fame  thing,  according  to  the  month 
and  day.  Therefore  we  muft  fhew  how  the  months 
and  days  are  to  be  placed  on  the  outftde  of  the 
rim,  to  fet  the  hole  by  •,  and  likewife  how  the 
hours  are  to  be  placed  oppofite  thereto. 

Let  the  line  zla  be  equal  to  the  circumference  of 
th$  rim  AEIGK,  and  the  correfpondent  parts  equal, 
AF  =  zf  FE  =  /<?,  EH  1=  eh ,  HI  -  M,  JG  = 
Ip,  GK  pz  gk9  and  AK  ~  ak9  &c,  and  lat.  jf,  gg9 

or 
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or  kk,  be ,  the  breadth  of  the  rim.  Then  firft  for  Fig. 
the  fummer  months.  Take  any  place  G  near  the  45. 
bottom  for  the  1 2  o’clock  line,  let  gg  be  the  line. 
Draw  GH  parallel  to  the  horizon.  And  make  the 
angle  HGE  zz  complement  of  the  latitude,  or 
height  of  the  equinoaial ;  and  EGF  zz  fun’s  great- 
eft  declination,  23-^-°.  Or  which  is  the  fame  thing, 
make  HCE  (or  HE)  zz:  twice  the  comp,  latitude, 
and  ECF  (or  EF)  zz:  twice  the  greateft  declination. 
That  is,  if  za  be  divided  into  360  parts  or  degrees, 
then  he  zz  twice  the  comp,  latitude,  and  ef  zz  470. 

Let  FK  be  parallel  to  the  horizon.  Make  the  an¬ 
gles  KF8,  KF7,  KF6,  &c.  to  KFi,  equal  to  the 
fun’s  altitude  at  8,  7,  6,  &c.  of  the  clock,  when 
he  is  in  the  tropic  of  cancer.  Or  make  K8,  K7, 

K6,  &c.  equal  to  twice  thofe  altitudes  ;  which  let  be 
equal  to  £4,  £5,  £6,  &c.  in  the  line  yx. 

Again  draw  EL  parallel  to  the  horizon,  and  make 
the  angles  LE5,  LE45  LE3,  &:c.  equal  to  the 
fun’s  altitude  at  5,  4,  3,  &c.  o’clock,  when  he  is 
at  the  equator.  Or  making  k6  or  kl  (in  the  line  az ) 
zz  KL  ;  and  then  65,  64,  63,  &c.  twice  the  fun’s 
altitude  at  5,  4,  3,  &c.  And  if  his  depreffion  at  7, 
and  8,  be  placed  at  7  and  8.  Then  drawing  lines 
thro’  the  correfpondent  hours  (for  forenoon  and 
afternoon),  you’ll  have  for  the  hour  lines  48,  57, 

66,  75,  84,  93,  10  2,  it  1,  and  12  12.  And 
thefe  altitudes  of  the  iun  muft  firft  be  computed 
by  fpherical  trigonometry. 

Then  for  the  days  of  the  month,  which  are  to 
be  put  upon  the  outfide  of  the  rim  at  EF,  whofe 
place  on  the  line^w  is  ef ;  and  let  ersf  be  that  fpace. 
Then  take  the  double  of  the  fun’s  declination  for 
the  beginning  of  every  month,  and  fet  from  e  to¬ 
ward  #,  thro’  which  points  draw  lines  perpendicu¬ 
lar  to  ef  and  divide  the  fpace  in  each  month  into 
3  parts,  each  reprefenting  10  days.  And  put  let¬ 
ters  for  the  names  of  the  months  as  in  the  figure ; 

M  for 
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Fig,  M  For  March,  A  for  April,  M  for  May  ,  I  for  June, 
45,  I  for  July,  A  for  Auguft,  S  for  September.  In 
the  middle  of  this  fpace  is  a  channel  for  the  Aider, 
with  the  hole,  to  move  in. 

The  next  thing  -is  for  the  winter  months.  Take 
the  point  M  for  the  12  o’clock  line  further  from 
the  bottom,  beeatife  the  fun  goes  low  in  winter  $ 
draw  MN  parallel  to  the  horizon,  make  NO  zr 
twice  the  comp,  latitude,  and  draw  OP  parallel 
to  the  horizon  ;  and  make  the  angles  PO5,  PO4, 
PO3,  &c.  equal  to  the  fun’s  altitude  at  5,  4,  3, 
&c.  in  the  afternoon,  when  the  fun  is  in  the  equi¬ 
noctial.  Or  if  p  or  6  be  the  place  of  P,  make 
p 7,  y>8,  py,  twice  the  height  at  7,  8,  9, 
o’clock,  in  the  morning,  in  the  line  IZ.  In  like 
manner  making  470,  and  drawing  QR  pa¬ 

rallel  to  the  horizon,  make  the  angles  RQ3,  RQ2, 
RQi,  the  fun’s  altitude  when  in  the  tropic  of  ca¬ 
pricorn,  and  his  depreffion  at  4,  5  and  6 ;  let 
their  places  be  at  6,  5,  4,  &c._  in  the  line  ix. 
Then  drav/  the  hour  lines  12  12,  1  11,  2  io,  39, 
48,  57,  and  66. 

Laftly,  the  months  muff  be  fet  off  on  the  part 
OQ,  as  was  done  upon  EF.  Let  cq  be  that 
fpace  in  the  line  iy „  Then  twice  the  fun’s  declina¬ 
tion,  at  the  beginning  of  every  month,  mull  be 
fet  off  from  0  towards  q ;  and  all  completed  as  in 
the  fummer  months.  Xhefe  two  parts  fr  and  qo 
muff  be  engraven  on  the  outfide  of  the  rim,  at  FE 
and  QO. 

All  the  lines  being  drawn,  and  numbered,  the 
plate  azxy  muff:  be  bent  into  the  form  of  a  ring, 
truly  circular,  arid  the  lines  ay,  zx ,  foldered  toge¬ 
ther  at  A,  where  a  loop  of  wire  muff  be  fixt, 
at  which  it  is  to  hang  by  a  thread.  There  is  to  be 
made  a  channel  quite  round  the  middle  of  the 
plate ;  in  this  a  thin  flip  of  brafs  is  to  be  fitted,  to 
move  back  and  forward,  having  two  holes  in  it, 

againft 
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againft  the  parts  EF,  and  OQ.  And  in  thefe  places  Fig. 
EF  and  OQ,  the  channel  is  cut  quite  thro*  the  45. 
plate. 

The  ufe  of  the  dial  is  this  5  fet  the  proper  hole 
againft  the  day  of  the  month  whether  fummer  or 
winter,  which  is  eafily  done  by  moving  the  flip  of 
brafs  back  and  forward.  And  turning  the  fide  AE 
towards  the  fun  in  fummer,  or  AD  in  winter ;  let 
the  dial  hang  by  the  thread  at  A,  then  the  fun’s 
ray  palling  thro’  the  hole,  will  project  a  fpot  of 
light  among  the  hour  lines,  which  flhows  the  hour 
of  the  day. 

But  note^  the  hour  lines  not  being  parallel  ;  you 
mull  make  the  fpot  of  light  fall  at  or  near  the  fide 
#y,  when  the  fun  is  at  or  near  either  tropic  *,  and 
near  the  fide  AZ,  when  near  the  equinoctial;  whe¬ 
ther  it  be  beforenoon  or  afternoon.  And  in  ge¬ 
neral,  keep  further  from  az ,  as  the  fun  is  further 
from  the  equinoctial. 

PROB,  III. 

To  make  a  univerjal  ring  dial . 


Such  a  dial  as  this  will  fhew  the  hour  in  any 
latitude,  and  is  thus  made.  AECF  and  ABCD 
-are  two  brafs  circles,  the  outermoft  AC  reprefents 
the  meridian,  and  the  inner  one  BD  the  equator. 
ABCD  is  divided  into  24  equal  parts  or  hours  be¬ 
ginning  at  the  edge  of  the  meridian  AE ;  this  cir¬ 
cle  turns  upon  an  axis  AC,  whole  ends  are  fixt  in 
the  meridian  at  A  and  C ;  and  may  be  fet  fquare  or 
perpendicular  to  AECF,  putting  it  againft  the  Hops 
at  A  and  C.  The  points  E  and  F,  which  are  at 
a  quadrant’s  diftance  from  A  and  C,  reprefent  the 
poles ;  here  a  flat  piece  of  brafs  FG  is  placed,  which 
turns  round  upon  its  axis,  going  thro’  two  pieces 
of  brafs  fixt  at  E  and  F.  Along  the  middle  of 

L  ,  FG, 
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fig.  FG,  there  is  a  long  flit,  in  which  a  piece  of  brafi 
P,  with  a  fmall  hole  in  it,  is  moveable  up  or  down, 
to  be  fet  to  the  day  of  the  month.  The  quadrant 
AE  is  divided  into  90  degrees,  fo  that  the  nut  N 
may  be  let  to  the  latitude  of  the  place,  by  Aiding 
it  along.  The  circle  AC  is  hollowed  out  between 
A  and  E,  and  a  piece  of  brafs  wire  fits  into  it,  and 
is  faflened  beyond  A  and  E  ;  this  wire  goes  thro* 
a  hole  in  the  bottom  of  the  nut  N.  The  piece  FG 
is  graduated  with  the  months  after  this  manner; 
the  tangent  of  the  fun’s  declination  (to  the  radius 
of  the  inner  circle),  is  fet  from  the  middle  towards 
F,  for  north  declination  ;  and  towards  G  for  fouth* 
And  each  month  divided  into  three  parts  of  10  days 
each. 

The  ufe  is  this ;  open  the  inftrument  till  the 
horary  circle  BD  reft  againft  the  flops  at  C  and  A. 
Move  the  nut  N  till  the  black  line  in  it  falls  upon 
the  latitude  of  the  place.  Move  the  Aider  P  till 
the  hole  be  againft  the  day  of  the  month.  Then 
fufpend  the  dial  by  the  thread  at  N,  and  turn 
the  piece  FG  round  its  axis  till  it  face  the  fun  •, 
and  move  the  dial,  till  the  fun  Alining  thro’  the 
hole,  calls  the  fpot  of  light  upon  the  black  line, 
which  runs  along  the  middle  of  the  infide  of  the 
hour  circle  BD ;  and  the  numbers  on  the  upper 
fide,  (hews  the  hour.  At  this  time  the  circle 
AECF  is  in  the  plane  of  the  meridian  ;  and  the 
circle  BD  parallel  to  the  equinoctial. 

PRO  B.  IV. 

To  make  a  dial  upon  a  quadrant. 

Let  CAB  be  the  quadrant  divided  as  ufual  Into 
‘  degrees,  CP  a  line  and  plummet.  Defcribe 
the  arch  HI  at  a  convenient  dfftance  from  AB,  for 
inferibing  the  months,  which  is  done  thus.  .Find 
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the  fun’s  meridian  altitude  when  he  is  in  the  two  Fig. 
tropics*  lay  the  line  CP  over  thefe  altitudes,  by  4 7A 
which  draw  the  lines  mn>  op.  Then  all  the  months 
are  contained  in  the  fpace  mopn. 

About  the  middle  of  the  fpace  CH  or  Cl  de- 
fcribe  the  arch  FG.  Then  lay  the  line  CP  to  the 
height  of  the  equinodlial  among  the  degrees,  and 
where  it  cuts  FG,  make  a  mark,  as  12*  Draw  the 
right  lines  12  m7  and  12  0,  for  the  12  o’clock  lines 
in  lummer  and  winter,  refpe&ively. 

For  infcribing  the  months *  find  the  Fin’s  decli¬ 
nation,  and  from  thence  his  meridian  altitude,  at 
the  beginning  of  every  month  ;  and  laying  the  line 
CP  fucceffively  over  thefe  degrees,  draw  lines  by 
it,  within  the  fpace  mopn ,  as  you  fee  in  the  figure  * 
and  thefe  lines  divide  the  months  from  one  another* 
which  may  be  divided  into  days  as  you  will,  and 
the  names  of  the  months  written  within  them,  or 
at  leaft  the  initial  letters. 

To  draw  the  reft  of  the  hour  lines  ;  and  firft  for 
the  fummer  months.  To  do  this,  we  mu  ft  firft 
find  all  the  hour  points  upon  the  line  HI.  There¬ 
fore  when  the  fun  is  in  the  tropic  of  cancer,  by 
fpherical  trigonometry,  find  the  fun’s  altitude  for 
every  hour*  which  mark  upon  the  arch  HI  at  1, 

2,  3,  4,  &c.  by  laying  the  line  upon  the  feveral 
degrees  of  the  quadrant.  Again,  find  the  fun’s 
altitude  for  every  hour  to  6,  when  he  is  in  the  equi- 
noclial.  Make  marks  for  thefe  in  the  arch  FG* 
at  11*  10,  9,  8,  &c.  Then  draw  the  hour  lines 
1  ii,  2  10,  39,  48,  See.  which  will  be  right  lines 
very  nearly.  Then  for  the  winter  months,  you 
muft  in  like  manner  find  the  fun’s  altitude  for  every 
hour,  when  he  is  in  the  tropic  of  capricorn,  and 
make  marks  along  the  arch  oi.  From  which  draw 
lines  to  the  marks  in  FG,  which  will  be  1  1 1 ,  2  10, 

3  9,  &c.  and  thefe  will  be  the  hour  lines,  for  the 
winter. 

L  2 
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,  '  But  as  fome  of  the  fummer  hour  lines  do  not 
cut  the  arch  GB ;  and  fome  of  the  winter  hour 
lines,  the  arch  IH  ;  we  muft  find  the  points  where 
they  cut  the  line  GI,  at  fun*  rife  or  fun-fet.  There¬ 
fore  for  any  fuch  hour  you  have  the  afcenfional  dif¬ 
ference,  1 5°  for  j  hour  from  6,  30°  for  2  hours, 
&c.  Then  from  the  afcenfional  difference,  find  the 
declination ;  and  by  that  the  meridian  altitude. 
Then  laying  the  thread  over  thefe  degrees  of  alti¬ 
tude,  obferve  where  it  cuts  the  line  12  12,  take 
the  diftance  from  that  point  to  the  arch  HI,  and 
fet  it  from  I  towards  G,  and  you’ll  have  the  point 
in  IG,  through  which  that  hour  line  is  to  be 

drawn.  iqif 'to  ,  ,  . 

Jf  you  would  have  thf  hour  lines  drawn  very  ex* 
act,  as  they  deviate  a  little  from  right  lines  $  pro¬ 
ceed  thus.  About  the  middle  of  the  fpace  GI, 
defcribe  the  arch  ED.  Lay  the  thread  over  the 
point  D  or  dr  according  as  it  is  fummer  or  winter, 
where  that  arch  interfecls  one  of  the  12  o’clock 
lines  •,  and  note  the  degrees  cut,  which  take  for  the 
fun’s  meridian  altitude.  From  thence  find  his  de- 
clination.  Then  by  oblique  fpherical  triangles 
(Cafe  8),  find  his  altitude  for  any  hour,  except  12 
{which  by  confiiu&ion  is  a  right  line)  •,  lay  the 
thread  over  thefe  degrees  of  altitude,  and  where  it 
cuts  the  arch  EJCh,  {if  a  third  point  to  draw  the  hour 
line  thro’.  JaiLp 

If  you  have  a  table  of  the  fun’s,  altitude  for  every 
itout,  it  will  lave  you  the  labour  of  calculation. 

To  ufe  the  quadrant  in  finding  the  hour  of  the 
day,  \  There  is,  h^|nia,li  bead  which  flips  up  and 
down  the  tbreadrQP,  Lay  the  thread  over  the  day 
of  the, mpntft, .  swkI .  %.  .the.. bead  up  or  down,  till 
it  falls  on  the  12  o’clock  line.  Then  holding  the 
quadrant  upright,  that  the/line  and  plummet  may 
hang  at  liberty,  and  play  freely  ;  .then  holding  it  fo 
in  the  run,  that  the  ihajiow  or  the  perpendicular 

pin 
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pin  at  C,  may  fall  on  the  line  CF  ;  then  the  bead  Fig. 
refting  among  the  hour  lines,  will  fhew  the  hour  47. 
of  the  day.  And  note  the  hour  lines  in  fummer  run 
upwards  towards  the  left  hand  ;  and  in  winter,  up¬ 
wards  towards  the  right.  . oori  ifeol 
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To  draw  the  parallels  of  declination  upon  any  dial 1 

vp.-f  fcaim  Di 

Any  circles  of  the  fphere,  'whether  great  or 
fmall,  are  eafily  deferibed  by  the  rules  of  the  gno- 
monic  projection  of  the  fphere  before  delivered ;  , 
which,  if  the  reader  underftands,  he  needs  no  other 
directions.  Jn  thefe  forts  of  Problems,  I  fhall 
therefore  be  as  fhort  as  poffible,  and  deliver  what 
I  have  to  fay  in  a  general  way,  which  may  eafily 
be  applied  to  particular  cafes.  Here  all  things  be¬ 
longing  to  the  dial  mult  be  fuppofed  known,  as 
the  height  of  the  ftile,  the  place  of  the  fubftile* 
&c.  Then  the  parallels  of  the  fun^  declination 
will  be  found,  by  finding  the  dividing 1  center  of 
every  hour  circle  ;  by  which  the  declination  is  to 
be  fet  off  from  the  equinoCiial,  upon  thefe  feveral  ■ 
hour  circles,  or  the  complement  of  the  declination, 
from  the  pole,  which  is  the  center  of  the  dial 
Let  PC  be  the  fubftile,  CF  the  ftile,  and  £  the 
foot  of  it.  Draw  FO  perpendicular  toPF*  and  O 
is  a  point  of  the  equinoctial.  Thro’  O  draw  the 
equinoctial  QQ  perpendicular  to  PO.  Make  the 
angles  OFB  and  OF D  equal  to  the  declination  of 
the  parallel,  north  and  fouth,  as  fuppofe 
Then  B  and  D  will  be  the  points  in  the  fubftile, 
thro5  which  the  north  and  fouth  tropics  pafs;  or 
the  vertices  of  the  two  hyperbola’s  reprefenting  the 
tropics.  Then  to  find  the  points  upon  the  other 
hour  lines,  as  fuppofe  on  Pi  1.  From  C  the  foot 
of  the  ftile,  draw  CGL  perpendicular  to  the  hour 

L  3  line* 
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Fig.  line,  and  CH  parallel  to  it,  and  equal  to  CF. 

48.  Then  fee  GH  from  G  to  L,  on  either  fide  the  hour 
line  Pi  i,  and  Lis  the  dividing  center  of  Pi  1.  Draw 
LE  to  the  point  where  the  hour  line  interfeds  the 
equinodial*,  then  make  the  angles  ELM  and  ELN 
equal  to  the  declination  of  the  parallel  '  237);  and 
M  and  N  will  be  two  points  where  the  fame  two 
parallels  pafs  thro ;  and  by  the  like  procefs,  the 
points  in  every  hour  line  are  found.  Then  two 
curves  drawn  thro'  all  thefe  points,  as  RDS  and 
VBX,  will  be  the  parallels  required,  one  fouth, 
the  other  north.  And  thus  all  the  parallels  may 
be  drawn,  or  thofe  at  the  beginning  of  every  figh, 
having  their  declinations  given  *,  and  being  marked 
with  the  flgns  of  Aries,  Taurus,  &c.  the  fhadow 
of  the  top  of  the  {1116  F,  will  Ihew  when  the  fun 
enters  any  of  thefe  figns. 

In  a  horizontal,  or  a  dired  north  or  fouth  dial, 
having  found  the  points  on  one  fide  the  meridian  ; 
they  may  be  fet  off  on  the  hour  lines  on  the  other 
fide.  And  even  in  any  declining  reclining  dial, 
where  the  fubftile  falls  upon  fome  hour  line,  the 
points  on  the  hour  lilies,  on  one  fide,  may  be  fet 
off  upon  the  hour  lines  eqvudiftant,  on  the  other 
fide,. 

The  procefs  is  juft  the  fame  when  the  dial  is  a 
horizontal  equinodial  dial,  where  the  hour  lines 
are  parallel *  and  the  fame,  in  eaft  and  weft  dials. 

In  horizontals  under  the  poles,  thefe  parallels 
will  be  circles,  whole  center  is  the  foot  of  the  ftile, 
and  radius  of  any  offe  equal  to  the  co-tangent  of 
the  declination  f  the  height  of  the  ftile  being 
radius. 

If  you  make  ufe  of  a  triangular  ftile  POT,  you 
muft  cut  a  notch  out  of  the  edge  at  F,  for  the  fun 
to  fhine  thro5 ;  which  will  do  the  fame  as  the  fha- 
dow  of  the  point  JF.  And  the  point  F,  for  the 
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notch,  will  be  found  by  creeling  CF  perpendicular  pig, 

to  the  fubflile  PO.  48  a 

wl".G  ci  *1  *■.:  ^^cbiviboiii  dJ  fane  ,r  4.vF 

Cor.  1.  Hence  you  may  mark  upon  the  dial,  the 
time  of  fun  rifmg  or  fun  fettingy  or  the  length  of  the 
day ,  when  the  fun  enters  into  any  of  the  figns. 

For  if  the  horizontal  line  be  drawn  on  your  dial, 
the  interfedion  thereof  with  any  parallel  of  the 
figns,  will  Ihew  among  the  hours,  the  time  of  fun 
rifmg  or  letting,  which  may  be  marked  upon  thefe 
iigns  in  the  meridian,  or  on  the  fide  of  the  dial, 
or  elfe  the  length  of  the  day  or  night  5  that  is  on 
one  fide  of  the  equinodial.  And  if  a  parallel  be 
drawn  to  the  horizontal  Line  on  the  other  fide  of  Os 
and  at  the  fame  diftance  from  O,  its  in  ter  fed  ion 
with  the  parallels  of  the  figns  will  fhew  the  hours 
on  the  other  fide  of  the  equinodial.  But  if  the 
horizontal  line  does  not  cut  fome  parallel  circle, 
then  the  time  of  fun  rife  nrnft  be  calculated  by 
fpherical  trigonometry,  having  the  declination  of 
that  parallel  given. 


Cor.  2.  Hence  the  dividing  center  L  of  any  hour 
line  PE,  is  diflant  from  the  center  of  the  dial  F,  the 
length  cf  the  axis  or  file  PF.  And  this  gives  an 
eafier  method  of  finding  the  dividing  center  of  an  hour 
line.  For  all  thefe  centers  will  be  in  the  circum¬ 
ference  of  a  circle  defer ibed  from  P  with  the  radius 
PF 

For  PE  is  90  degrees  zz  angle  PLE  ;  and  PL® 
B  PG®  +  GL®  £  PG®  +  GH®  zz  PGa  +' GO 
&  CHa  £  PC®  £  CLP  gp  PC®  +  CF  B  PF2, 
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To  defcribe  fuch  lines  upon  a  dial,  as  will  Jhew 
the  rifing  and  fetting  of  the  fun  j  or  the  length  of  the 
days . 

To  do  this,  you  muft  find  what  declination  the 
.  fun  has  when  he  rifes  at  4,  5,  7,  8,  See.  of  the 
clock  ;  which  is  eafily  done  by  right  angled  fphe- 
rical  triangles,  having  the  afcenfional  difference 
given  •>  or  even  by  projection.  Then  having  the 
declination  of  each  hour,  you  muft  deicribe  fo 
many  parallels  for  thefe  feveral  declinations,  by 
the  laft  Prob.  fuch  as  RDS,  VBX,  &c.  which 
done,  write  upon  each  of  them  the  hour  of  fun 
rife,  correfponding  to  that  declination.  Or  you 
may  write  the  hour  of  fun  rife  on  one  fide,  and 
that  of  lun  fet  on  the  other  fide  of  the  dial ;  and 
the  length  of  the  day,  where  each  parallel  cuts  the 
meridian ;  or  after  any  other  manner,  which  you 
think  proper.  Where  thofe  above  the  equinodial 
ferve  for  the  winter  *,  and  thofe  below  for  the  fum- 
jner.  Then  at  any  time,  when  the  fhadow  of  the 
top  of  the  gnomon  F,  traces  out  any  of  thefe  pa¬ 
rallels,  you’ll  have  by  infpedion  the  time  of  lun 
rife,  or  the  length  of  the  day. 

vy  '  ;  .  V  ■  •  ■  7  ;■  •  ;•  C\y  ;!  ;  "  '*\  ,  '  •  ••  '  ■  *  * ,  , .  •»  ••  *  ' 

Cor.  By  a  like  method  you  may  infert  in  a  dial  any 
holy  days,  or  remarkable  days  in  the  year . 

For  you  have  no  more  to  do  but  defcribe  the 
fun’s  parallels  for  thefe  days,  and  write  upon  them 
refpedively,  the  names  of  the  days  *,  and  on  thefe 
days  the  extremity  of  the  fhadow  will  fall  upon  the 
jrripedive  parallels, 

v’  I  1  1  j!  t  {  i.  $  i  f  J  '  t  '  i  j  •  i  y*  '  P  '■  >  (  )  -  •  V  ;  J  I  j,  6  t  »  .  ‘  f  f  »• 

PROB. 


.’•'i?,  tv^VV'  ^*?\h 


>&  iljjfn  ik 

t£:  ?.dfe  : 

■  nob  *rfito 

-  ii  .i&r/i-ji 

'ki[Oiq  vd 

\  \  a 


..  :  .:T-;  -  ■  •>  .  N 

Qjt  rfjf/1  ,d< 

I  to  rh&3  noqu  3 
tsrfj  01  gnibnoqlai 
3 


// 


tPL  iX\ri  ./ja./j  2 


/ 


*  ✓ 


-  t 


fry-'1 


jf  r 


.  '•A  VW;,. - 


>  ^folb  IfiSIS  a*, 

-  .  •  ii  '  to,  "  “ 


a(m%  $ih  y4  ~ 
fat  m  %  b  .  i| 

- 

£l  $f$r 

'"■  /  1  ll  A;  ^  ^  '  v 

;  ■  ^ .1- ■  r  a  dV'^4  r;w  Irjd  ; 

-  .  '  * r  •■«  -  •-?  i:\  ., .  •  *iU  L»  :a-  ■ 

r-y-m  -lo  ^.;  -A,, 


' ' '  ■  **  J  ,:>;■“.!  tk 


r-r.  I  .  i  ••  »»J. 

(>v:  ■  K>  tAH>m  $fiJ 

fktqqt:  s  ti  - 

m  10  d:r:$  . 

M  ■  a  s  i 

■  ,  |i*  P:  ...  '  £« 

n  .  'hrmn  Adi  i&  wur,. 

■>  IQ  t’K 


ti'Hk  .w 


■  Ar^‘ 

V  .  r  •  ■v.  -•  ’  .  • 

: :  ,•-■  -iox  2bl(.sn:q  sib 

-  *  Qf{j  :\q  rrtnyj 

••*  ;.  •  c',;; 3.cfc  * 
n-cr-nod  %ifo  -'awte  fej f 
■  »•  ;  flib  ifoif&x  fyt 
’  .  t&-:p  orfa  doi  i 

v  Q-i nd  ■  skj-  -dfoi 

•  ^  >iObdq<>  ai  v/oij; 
id.  ikq  flum  li  ini' 
d  vih  ari?  bar!  bill 
03  /isljjsibn&ni 


<  i.i 


n.' 


*  *>- 


Seft.  III.  DIALLING. 


-i  53 

Ficr. 

PROB,  VII. 

•  2V  defcribe  the  azimuths  and  circles  of  altitude  upon 

any  dial .  -  .  * 

The  azimuths  being  great  circles,  are  projected  4^ 
into  right  lines ;  and  the  parallels  of  altitude  are 
•projected  into  conic  fe&ion,  by  the  gnomonic  pro¬ 
jection  of  the  fphere.  In  order  to  defcribe  thefe, 
owe  muft  have  given  us  the  place  and  height  of  the 
ftile,  the  horizontal  line,  the  zenith,  the  dividing 
l  center  of  the  horizon  :  but  we  have  all  thefe  from 
the  conftruCtion  of  the  dial.  And  we  muft  have 
befides  the  dividing  center  of  every  azimuth,  by 
help  of  which  we  muft  fet  off  the  diftance  of  each 
parallel  upon  it.  -  "  ? 

Let  DE  be  a  vertical  line,  AGB  the  horizontal 
line,  CF  the  ftile,  H  the  nadir,  or  rather  the  ze- 
:  nith,  becaufe  the  ftiadow  is  always  oppofite  to  the 
fun  ;  R  the  dividing  center  of  the  horizontal  line  ; 

HI  the  meridian  or  12  o’clock  line.  From  the 
center  R,  divide  the  horizontal  line  in  parts  of  10 
or  20  degrees,  beginning  at  the  meridian,  that  is, 
at  RI ;  and  through  the  points  of  divifion  draw 
the  azimuths  H&,  H /,  H my  H#,  &c.  from  the 
zenith  H. 

'  Then  for  drawing  the  parallels  of  altitude,  we 
have  F  the  dividing  center  of  the  azimuth  DH. 
Therefore  at  F  make  the  angle  GF^  equal  to  the 
diftance  of  the  parallel  above  the  horizon,  luppofe 
-  10  degrees,  or  HF^  its  zenith  diftance ;  and  a  will 
be  the  point  thro’  which  the  parallel  is  to  pafs ; 
and  thefe  parallels  muft  be  drawn  below  the  hori¬ 
zon  AB,  as  the  fhadow  is  oppofite  to  the  fun. 
Then  to  find  the  point  it  muft  pafs  thro’,  in  any 
other  azimuth  H qv  firft  find  the  dividing  center, 
thus  j  djaw  C hr  perpendicular  to  H^.  Set  CF 

from 
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Fig.  from  h  to  /,  and  extend  from  t  to  C,  and  fet  that 
4 9*  extent  from  h  to  r,  and  r  is  the  dividing  center  of 
H<?.  Therefore  at  r  make  the  angle  qrd^  equal  to 
the  parallel’s  diftance  from  the  horizon,  or  Hrd  its 
zenith  diftance,  and  d  is  the  point  for  the  parallel 
to  pais  thro’.  Alfo  O  was  the  dividing  center  of 
the  meridian  HI.  Therefore  make  the  angle  I  Ob 
equal  the  parallel’s  diftance  (io°),  and  b  is  its  point 
in  the  meridian.  And  the  points  being  thus  found 
in  all  the  azimuths,  draw  the  curve  xdaby ,  which 
will  be  the  parallel  of  altitude  of  io  degrees.  And 
whenever  the  fhadow  of  the  point  F  of  the  ftile, 
touches  that  parallel  xay,  the  fun  is  io  degrees 
high.  And  thus  all  the  parallels  may  be  drawn, 
at  every  to  degrees  diftance,  up  to  the  zenith. 

If  the  azimuths  and  parallels  of  altitude,  were 
to  be  defcribed  on  a  horizontal  dial ;  then  the  azi¬ 
muths  are  right  lines  drawn  from  the  foot  of  the 
ftile  C,  making  equal  angles  with  one  another. 
And  the  parallels  of  altitude  are  circles,  and  the 
radius  of  any  one  is  the  tangent  of  the  zenith  dif¬ 
tance,  the  ftile  CF  being  radius,  and  C  the  center. 
For  here  the  zenith  falls  in  C  the  foot  of  the  ftile. 

If  the  dial  be  an  ere<5t  one,  then  the  zenith  H 
is  at  an  infinite  diftance  ;  and  therefore  all  the  azi¬ 
muths  are  parallel  to  one  another,  and  perpendi¬ 
cular  to  the  horizon.  And  the  horizontal  line  goes 
thro’  C  the  foot  of  the  ftile  ;  and  the  dividing  cen¬ 
ters  of  the  azimuths  are  all  in  the  horizontal  line ; 
and  the  parallels  of  altitude  will  be  hyperbola’s. 

The  azimuths  are  to  be  numbered  from  12 
o’clock;  the  weft  azimuths  towards  the  eaft ;  and 
the  eaft  towards  the  weft.  And  if  the  tropics  are 
defcribed  in  your  dial,  you  need  only  draw  fuch 
parts  of  the  azimuths  as  are  contained  between 
the  tropics ;  or  between  the  lower  tropic  and  the 
horizontal  line  ;  for  the  horizon  cuts  off  all  the  fu« 
perftuous  parts,  8  4s 
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Cor.  Here  we  may  ufe  a  fhorter  way  for  finding  the  Fig. 
dividing  center  r,  of  any  azimuth  \  like  that  for  divi-  49, 
ding  the  meridians ;  which  holds  for  all  great  circles 
mteting  in  a  point,  as  Hrnoif  ODnsflib 

About  defcribe  a  femieirele,  or  only  a  fmall 
part  thereof  befide  r;  with  the  extent  HF,  and 
one  foot  in  H,  crofs  it  at  r,  for  the  center. 

For  H rq  being  a  right  angle,  it  is  inferibed  in  a 
femieirele,  whole  diameter  is  ;  and  Hr  is  equal 
to  HF,  which  is  proved  as  before,  in  Cor.  2. 
Prob.  V.  ttbiS  lo  lelltnsq  eA  od  iirw 

PRO  B.  VIII. 

•  iliJi  ?dl  iOilXIfitl  tSl l:J  "JlijUO': 

T' 0  draw  the  Babylonian  hours  in  a  dial. 
jchirm  to  Li  03  qu.  foonsflib  eooigob  of  is 

The  Babylonian  hours  are  reckoned  from  fun  50; 
riling  to  fun  riling,  and  are  24  equal  hours,  nearly 
of  the  fame  length  as  the  common  hours  j  only 
they  are  differently  numbered. 

The  way  of  deferibing  thefe  hours  is  the  fame 
for  all  fort$  of  dials  ;  fo  that  being  fhewn  for  one, 
it  will  ferve  for  all.  Therefore  in  a  fouth  dial,  let 
FC  be  the  perpendicular  ftile,  P  the  center.  Draw 
FO  perpendicular  to  FP,  to  cut  the  meridian  Pi 2 
in  O ;  thro*  O  draw  the  equino&ial  AB  perpendi¬ 
cular  to  Pi 2.  Then  find  what  precife  hour  the 
fun  rifes  at,  when  nearefi:  either  tropic ;  as  fuppofe 
at  4  in  fummer,  and  at  8  in  winter;  and  in  the 
equator  he  rifes,  in  all  places,  at  6  t  then  find  his 
declination,  when  he  rifes  at  thefe  times ;  arid  by 
Prob.  y.  draw  two  parallels  for  that  declination, 
and  nn,  on  either  fide  the  equinodtial.  Draw 
a)fo  the  two  tropics  cc,  and  dd,  which  are  only  of 
ufe  to  terminate  the  hour  lines,  when  drawn. 

Obferve  all  the  points  where  the  hour  lines  of 
the  dial  cut  the  fouth  parallel  mm  \  then  fmee  the 
Babylonian  hours  proceed  from  1  to  24;  and 
in  this  parallel  he  rifes  at  8 ,  therefore  write 

24 
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24  at  that  point  of  the  parallel,  where  the  eight 
o’clock  line  pafifes;  and  write  1  at  9,  2  at  10,  3 
at  1 1,  &c. 


Alfo  note  where  the  hour  lines  cut  the  equinoc¬ 
tial  AB  ;  and  fince  the  fun  then  rifes  at  6,  call  that 


24*  then  7  is  i,  and  at  8  write  2,  at  9  write  3, 
at  10  write  4,  &c. 

Again  oblerve  all  the  points  where  the  hout 
lines  of  the  dial  cut  thonorthern  parallel  nn.  And 
fince  here  the  fun  rifes  at  4,  call  that  24,  and  5 
call  1,  6  call  a*  7  call  3,  8  call  4,  9  call  5,  or  at 

9  write  5,  at  ao  write  6,  at  11  write  7,  at  12 
write  8,  &c.  for  the  Babylonian  hours. 

This  done,  you  have  nothing  to  do  but  draw 
lines  thro’  thefe  points  where  the  figures  are  the 

fame,  as  22,  33,  44 v  555>  777,  888,  9 99, 

10  10,  &c.  and  thefe  are  the  Babylonilh  hours; 
which  are  right  lines,  becaufe  they  reprefent  great 
circles  of  the  fphere  ;  as  will  be  evident  at  fight, 
by  looking  on  a  globe. 

We  may  obferve,  if  the  horizontal  line  was 
drawn  thro*  the  foot  of  the  ftile  C,  it  would  pafs 
thro’  the  interfe&ion  of  the  parallel  mm,  with  the 
8  o’clock  line  4  becaufe  the  fun  rifes  at  8  ;  and 
alfo  thro’  its  interfe&ion  with  the  4  o’clock  line, 
becaufe  it  lets’  at  4.  • 

All  this  being  done,  then  at  any  time  when  the 
fun  fhines,  the  top  F  of  the  fhile,  will  lhew  the  Ba¬ 
bylonian  hour  of  the  day,  among  the  Babylonian 
hours ;  as  well  as  the  true  hour,  among  the  hour 
lines  of  the  dial.  ;<i 


'l\  ti*VyVw 


Sea.  III. 

Sri: 

E  «0I  3ib 


T 


DIALLING. 

3f?w  .bilmsd  aril  .to  Jnioq 


P  R  O  B.  IX. 


4Fhic 


i  - 


5T o  defer ibe  the  Italian  hours  upon  a  dial, 

Md:i:  Ur:  .■&  silri  nf>dj  nu)  orb  oonft  bn&  *  HA‘  Iso 

The  Italian  hours  begin  at  fun  fet,  and  are  num-  51* 
bered  to  24  at  fun  fet  next  day;  they  are  equal 
hours,  nearly  the  fame  as  common  hours.  -Thefe 
hours  are  drawn  the  fame  way  from  fun  fet,  as  the 
Babylonian  hours  were  drawn  from  fun  rife. 

Having  deferibed  upon  your  dial,  the  equinoc¬ 
tial  line  AB,  the  two  tropics,  cc  and  dd,  and  the 
two  parallels  mm,  nn,  for  the  fun’s  fetting  at  4  and 
8  o’clock;  obferve  where  the  fouthern  parallel  mm 
cuts  the  4  o’clock  hour  line;  and  mark  it  24.  Alfo 
obferve  where  the  other  hour  lines  cut  it,  and 
write  23  at  3,  22  at  2,  21  at  1,  &c. 

Alfo  obferve  where  the  hour  lines  cut  the  equi¬ 
noctial,  and  reckon  6  (in  the  evening)  24,  then  5 
is  23,  and  at  4  write  22,  at  3  write  21,  at  2  write 
20,  &c. 

And  obferve  where  the  northern  parallel  nn  is 
Cut  by  the  hour  lines,  and  call  8  (at  night)  24, 
and  7  call  23,  6  call  22,  5  call  21,4  call  20,  3 
call  19,  or  at  3  write  19,  at  2  write  18,  at  1  write 
17,  &c.  Then  lines  drawn  thro’  the  points  with 
the  fame  numbers,  will  be  the  hour  lines ;  as  14 
14,  15  15  15,  16  16  16,  &c.  Them  when  the 
fun  fhines,  the  end  of  the  ftile  F  will  {hew  the 
Italian  or  common  hours,  among  their  refpectiye 
hour  lines.  Jsib  sib'  io  0 


Cor<  If  both  the  Babylonian  and  Italian  hours  were 
deferibed  upon  one  dial ;  the  hour  lines  of  both ,  will 
interfeft  in  the  parallel  circles ,  where  the  fun  rifes  at 
4,  5,  6,  7,  8,  o'clock ,  and  their  half  hours.  Or 
wherein' the  day  is  8,  9,  10,  &c.  to  16  hours  long . 

For  it  is  evident  they  interfeft  in  the  parallels 
mm  and  nn ;  and  for  the  fame  reafon  the  other  in- 

terfecUons 
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Fig.  terfections  would  fall  in  fome  other  parallels.  Sup- 
51.  pofe  a  Babylonian  hour  drawn  from  16  to  20,  it 
will  crofs  3  Italian  hour  lines,  in  its  way  j  and  fo 
there  will  be  3  parallels  between  6  and  *8  o’clock, 
or  between  4  and  6 ;  that  is,  one  for  every  half 
hour.  And  they  will  anfwer  refpedively  to  thefe 
half  hours,  becaufe  the  parallels  nny  anfwer  to 
the  whole  hours  4  and  8.  Therefore  they  {hew 
fun  rife  or  fun  let,  every  half  hoiir ;  or  if  you 
will,  the  length  of  the  day,  in  whole  hours,  by- 
doubling  the  time  of  fun  fet. 

PROB,  I 

*To  draw  the  Jewifh  hours  in  a  diah 

The  JewifJj  hours ,  otherwife  called  the  old ,  tin- 
equal ,  planetary  hours ,  are  reckoned  from  fun  rife  1 
and  the  day  from  fun  rife  to  fun  fet,  is  fuppofed  to 
be  divided  into  1 2  equal  parts  or  hours ;  and 
therefore  thefe  hours  in  any  one  day  will  be  equal 
to  one  another,  but  not  equal  to  the  hours  of  ano¬ 
ther  day.  For  when  the  days  are  long,  as  in  fummer/ 
the  hours  will  be  long  ;  but  in  wintef,  when  the 
days  are  fhort,  the  hours  are  alfo  fhort.  The 
nights  are  alfo  fuppofed  to  be  divided  into  12 
hours;  but  thefe  hours  are  longell  in  winter,  and 
fhorteft  in  fummer.  But  the  hours  of  the  day  are  ■ 
never  equal  to  the  hours  of  the  night,  but  at  the 
equinoxes  ;  and  then  the  Jewifh  hours  are  equal  to 
the  common  hours. 

£2.  Let  P  be  the  center  of  the  dial,  CF  the  perpen¬ 
dicular  ftile ;  EQ^  the  equinodial,  which  is  fup¬ 
pofed  to  be  drawn ;  if  not,  draw  FA  perpendicu¬ 
lar  to  PF,  and  thro’  A,  draw  the  equinoctial  EQ 
perpendicular  to  the  fubftile  PA.  Set  AF  from 
A  to  D,  fo  is  D  the  dividing  center  of  the  equi¬ 
noctial. 
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Find  the  declination  of  the  fun,  when  he  rifespig. 
at  fome  even  hour  after  6  in  fummer  j  and  as  much  , 
before  6  in  winter  *,  as  fuppofe  at  4  in  fummer,  ~ 
and  8  in  winter.  Draw  two  parallels  to  the  equi¬ 
noctial,  on  each  fide,  for  that  declination,  as  mm 
and  nn.  Then  when  the  fun  is  in  the  north  pa¬ 
rallel  nn,  the  day  is  16  hours  long,  which  anfwers  to 
240  degrees,  which  divided  into  twelve  parts,  gives 
20  degrees  to  a  Jewifh  hour  at  that  time.  Therefore 
with  the  center  D,  defcribe  the  circle  SAW,  which 
divide  into  parts  of  20  degrees  each,  beginning  at 
the  line  DN,  where  the  12  o’clock  line  cuts  the 
equinoctial,  for  our  12  o’clock  is  the  fame  as  the 
Jewiih  6th  hour.  Draw  lines  from  D  thro’  all  thele 
points,  to  cut  the  equinoctial ;  and  thro5  the  points 
in  the  equinoctial  draw  lines  from  F,  to  cut  the 
parallel  nn  in  the  points  where  the  hour  lines  pafs. 
Then  mark  thefe  points  on  the  parallel  thus,  write 
6  at  the  1 2  o’clock  line,  and  to  the  other  points, 
towards  the  welt  5,  4,  3,  2,  1  j  and  towards  the 
eaft  7,  8,  9,  10,  11,  1 2. 

Again,  when  the  fun  is  in  the  parallel  m,  the 
day  is  but  8  hours  long,  which  anfwers  to  1 20  de¬ 
grees,  and  that  divided  by  12,  gives  10  degrees  to 
a  Jewifh  hour.  Therefore  from  the  fame  center  D 
defcribe  another  circle  ;  or  rather,  from  a  center  as 
far  on  the  other  fide  of  the  equinoctial  EQ,  de-> 
feribe  a  circle,  which  divide  into  parts  of  10  de¬ 
grees  each,  beginning  at  the  interfeCtion  of  the  12 
o’clock,  and  the  equinoctial  as  before ;  and  draw 
lines  from  the  center  thro’  thefe  points  to  cut  the 
equinoctial  *,  and  from  P,  thro5  thefe  points  in  the 
equinoctial  line,  to  cut  the  parallel  mm ,  in  points 
for  the  hour  lines.  Or  you  may  perform  the  fame 
thing,  with,  the  other  femicircle  SaW  oppofite  to 
SAW  ;  for  drawing  the  line  N Dr,  begin  at  r,  to 
divide  the  femicircle  into  equal  parts  of  10  degrees  ^ 
from  which  draw  lines  thro’ D,  to  cut  the  equi- 

noclial  •, 


1 60  DIALLING. 

Fig.  noCtial ;  to  which  points  in  the  equino&ial  draw 
52.  lines  from  P,  to  cut  the  parallel  mm  in  points  for 
the  hours.  Then  mark  the  point  in  the  12  o’clock 
line  with  6,  and  the  other  points  towards  the  weft, 
5,  4>  3>  2,  1  ;  and  towards  the  eaft,  7,  8,  o,  10, 
ii,  12  y  or  as  many  of  them  as  are  wanted. 

Alfo  upon  the  equinoctial  at  12  write  6,  at  11 
write  5,  at  10  write  4,  &c.  and  at  1  write  7,  at  2 
write  8,  at  3  write  9,  and  fo  on.  Then  drawing 
lines  thro5  all  the  three  points  that  have  the  fame 
figures,  theie  will  be  the  hour  lines  for  the  Jewifti . 
hours;  which  will  be  nearly  {freight  lines.  But 
if  you  wrould  be  more  ex  aft,  take  two  more  pa¬ 
rallels  between  thefe  and  the  equinoctial,  and  find 
the  points  for  the  hours  as  before. 

Note,  the  two  tropics  ought  to  be  drawn  for 
terminating  thefe  hour  lines ;  but  here  is  not  room 
in  this  fmall  fcheme  to  draw  all  the  lines  required. 

Otherwife  thus. 

The  Jewifih  hours  may  alfo  be  defcribed  by  help 
of  the  common  hours,  already  drawn  upon  the 
dial.  For  fince  in  the  parallel  mm9  a  Jewifli  hour 
is  I-  a  common  hour ;  and  in  the  parallel  nni  a 
common  hour.  Therefore  dividing  every  hour 
into  3  parts,  fet  off  from  12,  in  the  parallel  mmy 
firft  -J-,  then  i~y  then  2,  then  2-J-,  then  3^,  then 
4  hours  both  ways  *,  and  mark  the  points.  Then  on 
the  parallel  nn ,  fet  off  alfo  from  12  both  ways; 
*T9  2T5  4?  5r>  6t*  and  8  hours,  and  mark  the 
points.  Then  drawing  lines  thro’  the  correfpon- 
dent  points,  and  thro5  the  points  of  the  common 
hour  lines,  on  the  equinoCiial ;  and  thefe  are  the 
hour  lines  required,  and  muff  be  numbered  as  be¬ 
fore  directed. 
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PROB.  XL 

To  draw  meridian  lines  in  a  dialy  to  Jhew  when  it 
is  noon  at  any  particular  places  on  the  earth . 

The  meridian  of  any  place  is  eafily  drawn  in  a 
dial,  if  you  know  the  longitude  of  that  place, 
reckoning  from  yours,  either  eaft  or  weft.  For 
allowing  15  degrees  to  an  hour*,  by  reducing  the 
longitude  to  time ;  you  will  find  what  hour  and 
minute  it  correfponds  with.  Therefore  reckon  fo 
many  hours  and  minutes  from  12,  upon  your  dial; 
towards  the  weft,  if  the  place  lies  eaft  ;  or  towards 
the  eaft,  if  weft ;  and  thro’  that  point  draw  a  line 
from  the  center.  Then  when  the  fhadow  falls  up-t 
on  that  line,  the  fun  is  in  the  meridian  of  the  faid 
place.  Or  having  the  difference  of  longitude,  or 
the  hour  arch,  you’ll  find  the  hour  angle,  by  the 
common  proportion  in  dialling. 

Suppofe  Quebec*  whofe  longitude  from  London 
is  82°  weft  ;  which  is  now  5^  hours.  Therefore 
thro’  hours,  draw  a  line  from  P,  and  you  have 
the  meridian  of  Quebec.  And  the  like  for  other 
places,  as  you  fee  in  the  figure. 

Many  other  things  of  like  fort  might  be  in- 
fcribed  upon  dials,  as  the  circles  of  the  12  coelef- 
tial  houfes,  and  curves  fhewing  what  fign  afcends 
or  defcends  *,  curves  fhewing  the  latitude  of  parti¬ 
cular  places,  or  when  the  fun  is  vertical  at  fuch 
places,  &c.  But  as  thefe  things  are  of  little  confe- 
quence  here,  I  fliall  fpend  no  more  paper  about 
them. 

Scholium. 

Some  people  may  defire  to  know,  how  a  dial 
plane  is  to  be  painted  *,  for  if  it  be  made  of  wood, 
it  will  not  endure  the  weather  without  painting. 
The  ground  or  firft  painting,  muft  be  with  Spanifh 
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Jig.  brown,  and  the  laft  with  white  lead  ;  and  are  to 
be  ground  with  linfeed  oil  boiled.  To  grind  any 
colour,  put  only  a  little  oil  to  it  at  fir  ft,  after  it 
have  been  ground  fometime  without ;  then  grind 
the  colour  arid  oil  together,  adding  oil  by  degrees, 
to  make  it  like  an  ointment,  and  thinner  ftill  as 
you  grind  the  longer.  It  will  be  apt  to  work  off 
the  ftone,  if  you  do  not  fometimes  fcrape  it  toge¬ 
ther  with  a  wooden  knife  or  lat.  Your  plane  muft 
be  coloured  feveral  times  over,  to  abide  the  wea¬ 
ther,  letting  it  dry  between  the  times. 

18.  For  glueing  the  joints  together,  boil  your  glue 
in  blue  or  old  rhilk  ;  boil  the  milk  firft,  and  take 
off  all  the  fcum,  before  you  put  in  your  glue. 
This  holds  better  than  glue  boiled  in  water. 

As  fome  people  may  want  to  know  the  latitude 
and  longitude  of  fome  remarkable  places,  I  {hall 
therefore  annex  the  following  table. 
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A  Table  of  the  Latitude  and  Longitude  of  Places ; 
the  Longitude  reckoned  from  London.  Thofe  places 
that  are  in  South  Latitude,  are  particularly  marked 
with  S  ;  and  thofe  in  Weft  Longitude,  with  W. 


A.  | 

Lat. 

Long. 

Lat.  | 

Long. 

Aberdeen  < 

o  / 

20 

0  / 

1  50W 

Oavids  (Saint^ 

0  / 

J2  O' 

0  / 

5  4W 

Agra  h 

z6  29 ' 

79  12 

Orefden 

‘  I  12 

3  40 

Aleppo  .  ; 

j6  12; 

57  40 

Dublin 

>3  12 

6  55W 

Alexandria  l; 

5°  39. 

3 1  »5 

Ouncola 

17  20, 

53  4° 

Algiers  ; 

j6  50 

3  27 

Oundalk  j 

53  52 

7  2 

Amfterdam 

52  20 

4  3° 

Dundee 

:6  26 

2  48W 

Arda  (Ardra) 

5  5 

4  10 

Dunkirk 

51  2 

2  27 

B. 

Durham 

54  54 

1  40W 

Bagdat. 

33  26 

43 

E . 

Belfaft 

54  38 

6  15W 

Edenburgh  1 

55  56 

3  oW 

Belgrade  1 

45  10 

21  20 

Exeter 

5°  43 

3  30W 

Bergen 

60  5 

6  21 

F. 

Berlin 

52  3° 

14  10 

Ferro  (ifle) 

27  48 

17  40  W 

Berwick 

5°  49 

1  40W 

Fez 

34  ic 

5  20W 

Bofton(America) 

42  26 

71  4W 

Florence 

43  34 

12  24 

Breflaw 

51  20 

\6  56 

G. 

Briftol 

5 1  28 

2  30W 

Geneva 

46  3* 

6  12 

c.  ! 

Genoa 

44  25 

8  41 

Cadiz  (Cales) 

36  30 

6  40W 

Glafcow 

55  56 

4  12W 

Cairo  (grand) 

i3°  15 

32  12 

Gloceller 

52  O 

2  10W 

Cambaia 

23  3° 

72  21 

Goa 

I)  36 

73  53 

Cambridge 

52  16 

0  0 

Gombroon 

27  49 

(Jr  J 

55  4^ 

Canterbury 

5i  ,16 

1  f5 

H.  < 

Cardigan 

52  12 

4  32W 

Hague 

52  12 

4  20 

Carlifle 

55  0 

2  40W 

Hamburg 

53  41 

10  38 

Cliambala 

57  0 

139  0 

Hartford 

5 1  5° 

0  IoW  ! 

Charles-town 

3  2  3c 

79  10W 

Hanover 

52  29 

10  0 

Chaxumo 

‘5  c 

37  0 

Hereford 

52  10 

2  26W 

Chefter 

53  15 

3  2W 

Hull 

53  5° 

sJ 

0  23W 

Chichefter 

5°  5C 

>  0  48W 

I. 

Coca 

Dl  2C 

3  28 w 

Jerufale  m. 

3 1  46 

32  31 

Conftantiople 

4‘  2C 

28  58 

[fpahan 

32  34 

50  iq 

Copenhagen 

55  4C 

)  12  50 

K. 

Cork 

51  4c 

7  3oW 

Kildare 

53  c 

7  25W 

Coventry 

5  2  2( 

)  1  27  W 

Kinfale 

51  32 

8  26W 

Cracow 

5°  < 

D  19  30 

L. 

D. 

Lancafter 

'54  ic 

)  2  40 W 

Dantzick 

53  3 

3  18  35 

Landaf 

5 1  3. 

>  3  15W 

Darlington 

54  3 

l  39  w 

Lima 

*2  z\ 

'<■ 

5  75  52W 

Limeric. 
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Lat* 

0  , 

Long.  ; 

O  / 

R. 

Lat. 

0 

Long. 

A 

Limerie 

5*  55 

6  48W 

Reading 

v  j 

51  28 

O  53W 

Lincoln 

53  *4 

0  34W 

Rhodes 

36  24 

20  O 

Liibon 

38  45 

9  7W 

Rochefter 

51  3° 

O  22 

London 

M* 

5‘  32 

0  0 

Rome 

s* 

■J  J 

4i  47 

J 

15  46 

Madrid 

4°  25 

3  39w 

Marfeilles 

43  18 

5.27 

Salilbury 

51  4 

1  52W 

Mexico 

a.  A 

20  I5 

IO3  I2W 

Sterling 

56  30 

3  45W 

Mongul 

66  10 

12640 

Stockholm 

59  22 

40  20 

Monomctapa 

25  oS 

26  0 

Sufa 

4?  5 

7  IO 

Morocco 

3*  56 

9  12W 

;  T. 

“J  J 

/  * 

Mofcow 

55  47 

38  14 

Tenerif 

28  I7 

15  29  w 

N. 

/ 

TOmbute 

14  20 

1 1  12W 

Naftchang  1 

32  id 

1 1  q  28 

Troy 

39  36 

26  38 

(Nankin)  J 

j 

* 

■ 

1  unis 

36  26 

10  16 

Naples 

41  51 

*4  45 

Turin 

44  56 

7  16 

Newcaftle 

55  c 

1  42W 

*  v. 

Nice 

43  54 

7  20 

Venice 

45  46 

* 

13  12 

Norwich 

52  42 

1  7 

Ver  failles 

48  42 

j 

2  20 

Nottingham. 

53  2 

1  10W 

Vienna 

43  2Q 

16  24 

Nuremburg 

O 

49  4° 

11  12 

Villa  rica 

*  / 

20  10 

loo  16W 

Oxford 

51  45 

1  10W 

W. 

P. 

Warfaw 

52  21 

21  10 

Paris 

48  50 

2  25 

Warwick 

52  23 

i  33  w 

Pegu 

17  29 

97 

Waterford 

52  7 

7  52W 

Pekin 

40  15 

1 1 1  10 

Wexford 

52  18 

6  56W 

Pembroke 

5  1  45 

5  oW 

Winchefter 

5 1  7 

1  16W 

Peterborough  * 

52  33 

0  20W 

Worcefter 

52  18 

2  10W 

Petersburg 

60  oc 

36  6 

For  troy  a  I 

57  32 

77  5W 

Y.  Z, 

Prague 

>» s,  ? 

50  6 

14  28 

York 

53  58 

0  56W 

.  .  <4. 

Zuenziga 

25  c 

1  30W 

Quebeck  J47  35 

74  JoWjj 

F  I  N  I  S. 
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